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ABSTRACT
This study had a two-fold purpose. F irs t  an attempt 
was made to isolate systematically and report on the adaptive 
s im ila r it ie s  and d is s im ila r it ies  between subtypes of l e f t -  and 
right-handed learning disabled children. Toward this end m ulti­
variate quantitative taxonomic procedures were applied to the 
scores collected from a battery of neuropsychological measures. 
The typology of cognitive strengths and weaknesses associated 
with learning d is a b il it ie s  in these two particu lar groups of 
children originated from the burgeoning documented evidence
suggesting that handedness and the organization of higher cog-
0
n itive  a b i l i t ie s  are correlated to some extent with each other.
A second aim of the investigation was to o ffe r  some evidence 
to show that similar subtypes could be generated in a re lia b le  
fashion through the application of d if fe ren t c lass ification  
techniques.
The performance measurements collected on 161 s in is -  
t ra l  and 161 dextral children referred to the neuropsychological 
service of an urban children's c l in ic  because of learning, be­
havioural, or perceptual handicaps were c lassified s ta t is t ic a l ly  
by several multivariate procedures. Hand dominance was deter­
mined i n i t i a l l y  on the basis of preferred name writing extremity. 
Children within these two target samples met the following c r i ­
te r ia :  they were between the chronological ages of 108 to 179
months, had obtained a WISC Full Scale IQ in the range of 85 to 
115, and were free of sensory acuity defects, primary socio- 
emotional disturbance, or evidence of compromised environmental
i
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influences.
In i t i a l  application of the Q technique of factor analy­
sis to each handedness sample independently generated seven fac­
tors for each data set. Three factors from each target sample 
were found to be highly correlated with each other. For the 
left-handed sample, one other f a i r ly  meaningful factor emerged, 
while the remaining three factors exhibited membership assign­
ments that were of small magnitudes. On the other hand, fo r  the 
right-handers a sizeable number of children were c lass if ied  into  
each of the remaining factors. Subsequent application of several 
cluster algorithms to the same data sets resulted in fou r-c lu s ter  
c la s s if ica tio n  solutions that were in perfect agreement with the 
Q factors for the left-handed sample, and seven-cluster c la s s i­
f ic a t io n  solutions that were in f a i r ly  close agreement fo r  the 
right-handed group of children. Subgroup compositions across 
such variables as in tensity  of left-handedness (including an 
analysis of hand preference vs hand profic iency), as well as 
fa m ilia l handedness tendencies was also analyzed through the 
application of a series of Chi-Square analyses. Principal f in d ­
ings of this phase of the study revealed that there were no par­
t ic u la r  subgroups that exhibited e ither an unusually large or 
small number of congsuie.n.t, x.ncongsiue.n£ or m£xe.d-psio fi'icx.e.nt l e f t ­
handers (as defined by th e ir  performances on two s k il le d  psycho­
motor tasks), pu/ic or mixzd-ptio.iojimc.0. left-handers (as defined 
by th e ir  responses to seven hand questionnaire items), or sub­
jects  with mostly s in is tra l  or dextral biological family members 
( i . e .  , L+, L -, R+, R -).
i i
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The profiles of test performance associated with the 
derived factors and clusters, correlation values computed between 
clusters and factors, and the results of a series o f m isc la s s if i-  
cation analyses were interpreted to define three highly s im ilar  
and re l ia b le  subtypes of l e f t -  and right-handed learning disabled 
children. In addition, four other in terp re tab le , but less w e ll-  
defined subgroups emerged. Characteristics of the subgroups 
id e n tif ie d  are described, and comparisons are made to other sub- 
types reported in the l i te ra tu re .  The usefulness and s u i ta b i l i t y  
of m ultivariate  c lass if ica tion  instruments fo r providing a r e l i a ­
ble taxononiy of learning d is a b il it ie s  is discussed. F in a lly ,  
implications of the findings as they re la te  to the issue o f handed 
ness are addressed in some d e ta i l ,  including th e ir  obvious assess 
ment and diagnostic considerations. Directions fo r future re ­
search are also provided.
m
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CHAPTER I
INTRODUCTION
The problem of delineating the nature of the organiza­
tion of the cerebral hemispheres in man has intrigued researchers 
fo r  many years. A review of the l i te ra tu re  reveals a voluminous 
number of reports that have been generated on the issue of 
cerebral specialization and functional asymmetry of higher cogni­
t iv e  a b i l i t ie s .  At the most sim plistic  in terpre tive  le v e l,  the 
research findings have posited the generally accepted view that the 
l e f t  cerebral hemisphere tends to process information sequentially  
and is specialized fo r  more verbal and language-related functions.
The righ t cerebral hemisphere, on the other hand, is seen as a para lle l 
processor specialized fo r  more v isual-spatia l perceptual organiza­
tional processes (Krashen, 1976; M ilner, 1970; Sperry, Gazzaniga 
& Bogen, 1969; Warrington & Taylor, 1973).
While the above conceptualization of hemispheric organiza­
tion is presumably thought to hold true for most right-handed 
ind ividuals, the pi.cture fo r left-handers is not as c lear-cu t. In 
the case of the la te ra l iz a t io n  o f language functions, fo r  example, 
some 98-99% of dextrals are thought to possess l e f t  hemispheric 
dominance for language functions. Figures fo r left-handed indiv iduals ,
1
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2on the other hand, range somewhere from 65-70% (Gloning, 1977; 
ZangwiTI, 1964). The remainder of the s in is tra l  population are 
considered to show evidence for e ith er  r igh t hemispheric dominance 
fo r  language functions or some degree o f b i la te r a l i t y  language 
representation (Hardych & Petrinovich, 1977; Hecean & de 
Ajuriaguerra, 1964; Hicks & Kinsbourne, 1978). Furthermore, although 
the most compelling evidence concerning differences in brain 
la te ra l iz a t io n  as a function of preferred handedness has occurred 
in the area o f language functions, a variety of other processes 
have been posited to d i f f e r  in regards to cortica l representation 
as well (Hardyck & Petrinovich, 1977; Hecean & de Ajuriaguerra,
1964; Levy & Reid, 1976; Varney & Benton, 1975). In general, i t  
would seem that left-handers, as a group, constitute a much more 
heterogeneous population regarding patterns o f  cerebral functioning 
than do right-handers.
In the sections to follow, the re la tion  between handed­
ness and cognitive functioning is examined in more d e ta i l .  I n i t i a l l y ,  
th is  includes a b r ie f  account of some of the theories of the 
orig in  o f hand preference. Next, research carried out primarily  
on adults u t i l iz in g  a varie ty  o f experimental techniques is 
reviewed. An attempt is made to iden tify  and describe more fu l ly  
the host of variables f e l t  to be important in regard to cerebral 
specialization o f cognitive a b i l i t ie s .  Following th is ,  research 
conducted with children is examined, with a p a rt ic u la r  emphasis on 
delineating the importance of preferred handedness in children who 
are encountering learning or academic-related d i f f ic u l t ie s .
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3F in a lly ,  the m ultivariate  s ta t is t ic a l  procedure as applied to 
the id e n tif ic a tio n  o f subtypes of learning disabled children is 
described, and the purpose and design of the present study 
is discussed.
Models of Hand Preference
Estimates of the incidence of left-handedness in the 
general population have varied largely because of differences in 
the method of determination. One common means for determining an 
ind iv idual's  hand preference has been by simple s e lf-re p o rt.
This has included an assessment o f preferred handedness by s e l f ­
proclamation or through means of a hand preference questionnaire 
(Hardyck & Petrinovich, 1977; Hecean & de Ajuriaguerra, 1964). 
Choice o f w riting hand has been equally u t i l iz e d  as a means of 
assessing preferred handedness as w e ll.  Over the years, however, 
an emphasis has been placed on viewing handedness in terms of  
performance measures. That is to say, i t  is thought that a more 
accurate account o f hand pn.ollcA.znc.ij could be ascertained by 
viewing an ind iv idual's  performance on a variety  of behavioural 
measures (e .g . manual speed, strength, and d ex te r ity ) .  The idea, 
of course, is that handedness not be viewed as a simple unitary  
construct ( i . e .  as a r ig h t versus l e f t  dichotomous va r ia b le ) ,  but 
rather that proficiency of hand usage may vary along a continuum 
(Barnsley & Rabinovitch, 1970; Johnstone, Galin & Herron, 1979; 
Palmer, 1974). In general, the incidence of le ft -s id e d  hand 
preference in the general population (based on a compilation of 
the various methods of measuring preferred handedness) is reported
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4by most researchers to be somewhere in the range of 5-10%
(Hardyck & Petrinovich, 1977; Hecean & de Ajuriaguerra, 1964).
A review of the l i te ra tu re  on the theories of hand 
preference reveals several d if fe ren t explanations for the origin  
o f preferred handedness. Factors such as anatomical asymmetries 
(e .g . differences in organ s ize , hemispheric weight, and 
hemispheric blood supply), social and cultural influences, presence 
o f a genetic or hereditary component ( i . e . ,  Mendelian recessive 
t r a i t ) ,  and brain in jury ( i . e . ,  'pathological' s in is t r a l i ty )  
have a l l  been proposed as causative agents or explanations for  
left-handedness (Hardyck & Petrinovich, 1977; Harris , 1980;
Hecean & de Ajuriaguerra, 1964). In regard to the f i r s t  of these 
explanations, some rather convincing evidence has been documented 
recently to suggest that anatomical asymmetries ex is t between 
right-handed and left-handed individuals. (Wi tel son, 1980). How­
ever, as Witelson (1980) points out, although the existence of an 
association between neuroanatomical asymmetry and hand preference 
appears f a i r ly  c lear, the relationship between structural asymmetry 
and functional asymmetry ( i . e . ,  hemispheric cognitive specializa­
t ion ) is not as c learly  defined. There are extensive accounts in 
the l i te ra tu re  on the remaining explanations of handedness and a 
complete review of the theories is beyond the scope of the 
present discussion. Furthermore, since this study is not intended 
to be a tre a t is e  on the ontogeny of handedness, a detailed  
discussion of the various models is not warranted. Be that as i t
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5may, I w il l  l im it  myself to a b r ie f  description of each of the 
theories.
Perhaps the most p ro l i f ic  writings concerning a 
genetic explanation of handedness have been generated by Annett 
(1964, 1967, 1970, 1972, 1973, 1975, 1978, 1979). In her 
orig inal conceptualization of the inheritance of handedness and 
cerebral dominance, Annett (1964) argued that hand preference was 
determined by two a lle le s :  D (which is usually dominant) that
manifests right-handedness, and R (which is usually recessive) 
that manifests left-handedness. In her single gene, two a l le le  
model, dominant homozygotes (DD) were thought to be right-handed 
with language functions la te ra lized  to the l e f t  cerebral 
hemisphere. Recessive homozygotic individuals (RR), on the other 
hand, were thought to be consistent left-handers with r igh t  
hemispheric language specia lization. To explain mixed handedness, 
there was postulated to be a part ia l penetrance of R in hetero­
zygotes (DR). Consequently, such individuals could develop 
preference fo r e ith er  hand for s k il led  a c t iv i t ie s ,  and language 
may specialize in e ith er  hemisphere. However, Annett argued 
that with the exception.of only a small number o f heterozygotes 
who w i l l  develop ip s ila te ra l hand and language la te ra l iz a t io n  
( i . e . ,  r ight handedness with r ight hemispheric language special­
iz a t io n ) ,  most heterozygotic individuals w i l l  develop as preferred  
r ig h t handers with contralateral l e f t  hemispheric language 
la te ra l iz a t io n .  In a series of subsequent a r t ic le s ,  Annett (.1972, 
1973, 1975, 1978, 1979) studied the d is tr ibu tion  o f hand pre fer-
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6ences in several samples o f ind ividuals, and concluded that the 
proportions of r ig h t ,  mixed, and l e f t  hand preference in the 
human population followed a binomial d is tribution  with correspond­
ing values of 66%, 30% and 4%, respectively. Since the mean of
th is  d is tr ibu tion  favoured a r igh t hand preference, Annett
suggested that most people in h e r it  a " r ig h t-s h if t"  factor ( i . e . ,  
a bias toward r ig h t handedness and l e f t  hemispheric language 
s p e c ia liza tio n ). Thus, the role of heredity in human handedness, 
according to Annett, involves essentia lly  the hypothesized 
presence o f a specific  genetic factor that influences a s h if t  
toward d e x tra l i ty .  In the absence of this " r ig h t-s h if t"  facto r,  
the proportions of handedness ( i . e . ,  r ig h t ,  l e f t ,  and mixed), 
would be expected to vary from that seen when hand preference 
was distributed binomially. That is to say, e ith er  hemisphere may
serve speech and e ith e r  hand develop greater s k i l l .
A second, more comprehensive genetic model o f preferred  
handedness is the one offerred by Levy & Nagylaki (1972, 1976, 
1977). They proposed a two-gene, four a l le l le  model whereby one 
gene was thought to determine hemispheric language dominance and 
the other determined whether hand preference was contralateral or 
ip s i la te ra l  to the contro lling hemisphere. The pa ir  o f a lle les  
determining hemispheric dominance were id e n tif ie d  as L (dominant) 
and 1 (recessive), and those governing hand preference as C 
(dominant) and c (recessive). To account fo r  the differences in 
degree of la te ra l specia lization between s in is tra ls  and dextrals  
(including differences concerning un ilatera l versus b i la te r a l '
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7language representation, frequency of aphasia, and recovery 
from aphasia), the authors postulated that fu l l  expression of  
the a l le le s  occurred only when a dominant a l le le  was present, 
in homozygous or heterozygous conditions, at each of the two 
lo c i .  The model was c r i t ic iz e d  by Hudson (1975) on the grounds 
that i t  was o r ig in a lly  based on a single data set only (R ife ,
1940), and subsequent testing o f the model revealed that i t  was 
unable to f i t  additional data ( i . e . ,  account fo r  the observed 
distributions o f handedness in separate population samples).
In contrast to the genetic explanations fo r the 
causation o f handedness are those that posit that hand prefer­
ence is the resu lt of social and cultural influences. E a r lie r  
proponents of a sociocultural theory of handeness have suggested 
t ha t  factors such as the handling practices of mother and 
nurses ( i . e . ,  "infant-holding" po s ition ), the holding o f a 
sold ier's  shield in his l e f t  hand so as to better protect the 
hear t  ( i . e . ,  "warfare shield" theory), and the lack of c lear  
hand d if fe re n t ia t io n  at b irth  were important in the establishment of 
hand preference (Harris , 1980). More recently, Collins (1970,
1975) has a*'-wed tha t  handedness is essentia lly  a learned behav- 
i (v.jr. 4 re'  w. t o* condi t ion ing  and practice. In his
l a t t e r  studv,  Co l l ins  (1975) suogested t hat  r ight sided hand pre­
ference could be a t t r i b u t e d  to cultural and environmental in f lu ­
ences. l a rge l y  on the basis that mice developed a r ight paw pre-
i
ference i f  exposed to an environment that favoured right-pawedness. 
The results of another recent study, conducted on the parents and
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offspring o f forty-nine fam ilies , suggested that speech la te r a l ­
iza tion  may, in large part, be determined by environmental 
factors as well (Bryden, 1975). In th is study, two separate 
dichotic lis ten ing  tasks (one employing pairs of consonant-vowel 
syllab les , and the other employing l is ts  of numbers) were admin­
istered to each subject. Based on the fam ilia l correlations com­
puted on the la te r a l i ty  scores obtained from the tests , the 
results showed that the children's la te r a l i ty  scores could be pre­
dicted from those o f the mother, but between-sfbling correlations  
were negative. According to the author, the dissonance between the 
between-sibling and parent-child correlations suggested the 
absence o f a genetic .mechanism. The existence o f  the parent-child  
corre lations, however, suggested the importance o f environmental 
factors in the la te ra l iz a t io n  of language, at least as assessed 
by means o f dichotic listen ing la te r a l i ty .
Attempts to sort out the re la tion  between genetic and 
nongenetic influences on preferred handedness have included a 
closer examination o f Annett's conceptualization o f heterozygosity 
(Satz, Fennell & Jones, 1974), studies o f handedness in mono­
zygotic and dizygotic twins (Corballis , 1980; Kovac & Ruisel,
1974; Springer & Searleman, 1978, 1980), an investigation of  
fa m ilia l preferences fo r handedness, arm folding and arm 
clasping (Ferranato, Thomas & Sodava, 1974), comparisons between 
hand preferences in biological and adoptive fam ilies (Hicks & 
Kinbourne, 1976; Saltzman, 1980), and a rather in tr igu ing  examin­
ation o f hand, eye and auditory dominance in several cultural 
groups (Dawson, 1977a, 1977b).
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9A f in a l theory o f the causation o f  handedness posits 
that s in is t r a l i t y  is a manifestation o f  brain pathology. Advocates 
o f such a position suggest th a t, in some cases, l e f t  hemispheric 
brain damage sustained pre-, per i-  or postnatally results in a 
lessened tendency to engage the r igh t hand for sk il led  a c t iv i t ie s ,  
and thus, a 's h i f t '  to a le ft-s id ed  hand preference (Annett, 1964; 
Bakan, 1971, 1977; Bakan, Dibb & Reed, 1973; Hecaen & de Ajuriaguerra, 
1964; Satz, 1972, 1973). In support of the pathology view, 
researchers s ite  the higher incidence of manifest left-handedness 
in certain c lin ic a l populations, including language disorders, 
reading d i f f ic u l t ie s ,  mental retardates, epileptics and even 
schizophrenics (Gordon, 1920; Gur, 1977; Harris , 1980; Hecean & 
de A juriaguerra, 1964; H ildreth , 1949; Silva & Satz, 1979). Figures 
fo r  the incidence of s in is t r a l i t y  in these groups are generally 
double the estimate o f le ft -s id ed  hand preference within the 
normal population.
Perhaps the most detailed and comprehensive model of 
'pathological' left-handedness is the one presented by Satz (1972, 
1973, 1979). At i ts  most elementary le v e l,  the model simply 
suggests that the frequency of left-handedness in presumably brain- 
injured populations increases as a function o f  early  l e f t  brain 
in ju ry  occurring to natural right-handers. Using hypothetical 
data, Satz was able to demonstrate mathematically the twofold 
increase o f s in is t r a l i t y  in retarded and ep ile p tic  groups. Further­
more the model generated several testable hypotheses. Some of  
these were lo g ic a lly  derived from, while others were in d irec tly
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related to the model. F in a lly ,  the model suggested that the 
converse condition, 'pathological' right-handedness, is rare ly  
seen because of the lower frequency of natural left-handedness 
in the general population. Additional support for a transfer of  
manual preference because o f early  l e f t  hemispheric insu lt  has 
been reported in a more recent study by Satz and his colleagues 
in which the relationship between manifest left-handedness and 
unila tera l brain in jury or EEG abnormality was investigated in 
fo u r  cross-cultural studies o f ep ile p tic  and mentally retarded 
subjects (Satz, Baymur, & Van Der Vlugt, 1979).
Related to a neuropathological view of left-handedness, 
Bakan (1971, 1973, 1977, 1978a, 1978b) has argued that the 
incidence of s in is t r a l i t y  may be correlated with b irth  trauma.
More s p e c if ic a lly , left-handedness was thought to be associated with 
b ir th  order, and that i t  was the resu lt of l e f t  hemisphere pyra­
midal motor dysfunction following perinatal hypoxia. In support 
of his claim, Bakan has demonstrated a raised incidence o f mani­
fest left-handedness in individuals who were e ith e r  f i r s t  born or
born fourth or la te r  in the fa m ilia l order. He suggested that such
individuals were more l ik e ly  to experience b irth  complications as 
a result of primiparous births (longer labour and increased 
application of instruments), and births to older mothers. Further­
more, while a change in hand preference is ty p ic a lly  the most
overt residual symptom of hypoxia-induced pathology, Bakan has 
hypothesized that perhaps the increased incidence of r ig h t  hemis­
pheric or b i la te ra l  mediation of language functions, more often
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seen in left-handers, re flects  hypoxia-induced deviations from 
the pattern o f cerebral organization normally seen in the r ig h t -  
handed ind iv idual. Recently, Christian, Hunter, Evans &
Standeford (1979) were able to demonstrate a s ign ificant re la t io n ­
ship between b irth  order and handedness in monozygotic twins 
( i . e . ,  there was an increased incidence of s in is t r a l i ty  among 
f i r s t  born twins), but no such association was found in dizygotic  
twin pairs. While Bakan's explanation of 'pathological* l e f t -  
handedness is certa in ly  of heuristic  value, most attempts to rep­
l ic a te  his findings on independent samples have been unsuccessful 
(Annett & Ockwell, 1980; Hicks, Evans & P e lle g r in i,  1978; Hicks, 
Pellegrin i & Evans, 1978; Hicks, E l l i o t t ,  Garbesi, & Martin, 1979; 
Hubbard, 1971; Kocel, 1977; Teng, Lee, Yong & Chang, 1976). C r it ics  
of the model have suggested that perhaps the most parsimonious 
explanation for Bakan's b irth  order findings is that they simply 
re f le c t  sampling error.
Handedness and Cerebral Organization in Adult Populations
As mentioned e a r l ie r ,  a buraeonlnq number of a rt ic le s  
have appeared aimed at identify ing d if fe re n t patterns o f cortica l  
organization and extent of cerebral specialization in re la tion  to 
handedness. H is to r ic a lly ,  the e a r l ie s t  research on cerebral organ­
ization attempted to iden tify  differences between l e f t  and r ig h t  
hemispheric partic ipation in the area of language functions as 
inferred from unilateral brain damage (Hardyck & Petrinovich, 1977; 
llecaen & de Ajuriaguerra, 1964; Hicks & Kinsbourne, 1978). In 
addition to the information gathered by lesion-produced d e f ic i ts ,  
the recent introduction of a number of methodological tactics
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(including dichotic lis ten ing techniques, visual h a l f - f ie ld  
stim ulation, application of electroconvulsive therapy, spectral 
analysis o f visual and auditory evoked po ten tia ls , in tracarotid  
in jection and regional cerebral blood flow analyses) have enabled 
experimental investigation into other cognitive concomitants 
of handedness.
The e a r l ie s t  published reports on lesion-produced 
d e f ic its  in language functions can be traced back to the nine­
teenth century (Hardyck & Petrinovich, 1977; Broca, 1861 and Dax, 
1865 as cited in Hecaen & de Ajuriaguerra, 1964). Since that time, 
the l i te ra tu re  within the f ie ld  has mushroomed. The la s t  four 
decades, in p art ic u la r ,  has witnessed the p ro life ra tio n  of a 
number o f classical studies concerning cortica l language represent­
ation in s in is t ra ls ,  beginning with Brain's (1945) review o f some 
o f the more sa lien t issues regarding the re la tion  between language 
and handedness'. A complete review of the studies concerning 
unilatera l brain in jury and language disturbance is an arduous 
task beyond the scope of this study. However, a look at several of 
the more contemporary reports on this issue should provide some 
understanding and appreciation fo r the extent and degree of language 
la te ra l iz a t io n  in s in is tra ls .
The results o f several lesion studies have suggested 
that the mechanisms underlying language may be less la te ra l ize d  in  
left-handed than in right-handed ind ividuals. For example,
Humphrey & Zangwill (1952) in th e ir  study o f ten selected cases of  
s in is tra ls  with unilateral brain in su lt  ( f iv e  le f t -s id e d , f ive  
right-s ided) reported the presence of dysphasic symptoms in a l l
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cases of l e f t  hemispheric in jury  and in a l l  but one individual 
who had sustained righ t hemispheric damage. Although there was 
marked individual variation in the severity of the dysphasic 
symptoms, the authors suggested that language dominance in 
s in is tra ls  may be less well developed than in d e x tr a ls .  Goodglass 
and Quadfasel (1954) reviewed a to ta l of 123 left-handed ind iv id ­
uals with un ila tera l lesions of e ither hemisphere. Based on the 
findings o f the presence or absence of aphasia a f te r  l e f t -  or 
right-sided lesions, 53 and 47% of the s in is tra ls  were posited to 
have l e f t  hemispheric and r ig h t hemispheric language special­
iza tio n , respectively. From these findings, Goodglass and 
Quadfasel posited that language was represented b i la te ra l ly  in 
s in is tra ls  and language disturbance was more l ik e ly  to accompany 
lesions of e ith e r  hemisphere. A study o f 10 cases of un ila tera l  
brain in jury  in left-handed individuals by E tt l in g e r ,  Jackson & 
Zangwill (1956) suggested that while a un ilatera l representation 
o f language functions (most often l e f t -  but occasionally r ig h t­
sided) is ty p ic a lly  found in left-handed ind ividuals, some degree 
of b ila te ra l  language representation may occur in a certain  
number of cases. F in a lly ,  Hecaen & Sauquet (1971) compared the 
frequencies o f disturbances o f language, gestures and perception 
in groups of l e f t -  and right-handed patients with un ilatera l 
lesions o f both hemispheres. The results showed that there was 
less difference between frequency o f symptoms when comparisons were 
made between l e f t  and r ig h t hemisphere syndromes in left-handers  
compared to the same comparisons in right-handers. Hecaen & Sanguet 
argued that the results supported a certain degree o f cerebral 
am b ila tera lity  in s in is tra ls .
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Another area where the evidence supports the hypothesis 
that differences exist between s in is tra ! and dextral concerning 
the cerebral organization o f language functions is in the ameliora­
tion from aphasic d e f ic its .  Many authors have suggested th a t ,  in 
general, left-handers as a group are more l ik e ly  to exhib it both 
language disturbances that are transitory in nature, as well as 
a more complete recovery from th e ir  aphasic symptomatology (Gloning, 
1977; Gloning, Gloning, Haub & Quatember, 1969; Gloning &
Quatember, 1966). Subirana (1964), in fa c t ,  suggested that 'the  
more basically  right-handed an aphasic patient was, the less l ik e ly  
would be the regression o f his aphasic losses' (p. 228). Both 
Subirana (1969) in his review on handedness and cerebral dominance, 
and Gloning (1977) in his report on the relationship between 
language disturbance and un ila tera l hemispheric damage in 57 r ig h t-  
and 57 left-handed patients, explained the increased incidence 
o f aphasic-like symptoms, the transitory  character o f the language 
disturbance, and the rapid amelioration.of the dysphasic symptoms 
in the left-handed (as compared to the right-handed ind iv idual) as 
re f le c tin g  some degree of b icerebra lity  or a lessened development 
o f language la te ra l iz a t io n  in s in is t ra ls .  Related to th is ,
Zangwill (1964) has suggested that s in is tra ls  may d i f f e r  from 
dextrals primarily in the ra te , as well as in the completeness with 
which the la te ra l iza t io n  o f cerebral functions are established.
That is to say, because the process of cerebral la te ra l iz a t io n  
may be slower and less complete in the le ft-hander, the r ig h t  
cerebral hemisphere in p a rt ic u la r ,  may reta in  a greater capacity
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to subserve language a f te r  un ila tera l brain damage. Besides 
positing differences between s in is tra ls  and dextrals in regard 
to language la te ra l iz a t io n ,  Gloning (1977) also has suggested 
that the fact that some left-handers suffered from severe and 
long-lasting aphasias following un ila tera l in jury to e ither hemi­
sphere meant that s in is tra ls  were more l ik e ly  to exhib it subgroups 
with respect to th e ir  aphasic symptomatology.
Not a l l  lesion studies aimed at delineating the re la tion  
between language la te ra l iz a t io n  and handedness have been able to 
demonstrate unequivocally that differences ex is t between s in is tra ls  
and dextrals concerning cerebral organization. For example,
Penfield and Roberts (1959) in th e ir  study o f 522 patients operated 
upon fo r  the treatment of in tractable seizures found no difference  
in the frequency o f aphasia between patients c lass if ied  as l e f t -  
or right-handed following a le ft -s id e d  or right-sided operative 
procedure. Based on these findings, the authors suggested that  
the l e f t  hemisphere was dominant fo r language, regardless of hand­
edness. In another detailed study of well la te ra lized  brain wounds 
in left-handed patients, Russell and Espir (1961) reported that  
approximately 38 and 17% of those individuals with le ft -s id e d  and 
right-sided cerebral damage, respectively, developed aphasic 
symptoms. Although Russell and Espir suggested that r ight hemi­
spheric language dominance was apt to occur more often in s in is tra ls  
than dextra ls , the fa i lu re  to find both a higher incidence of  
aphasia and a more rapid recovery pattern amongst the left-handers  
was inconsistent with the notion o f a b ila te ra l  representation o f  
language functions in s in is tra ls .
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Recently, Satz (1979, 1980) has formulated some hypo­
the tica l models of cerebral speech organization in the left-handed  
ind iv idual. According to Satz, while the un ila tera l lesion data 
to date certa in ly  suggests that the pattern o f language represent­
ation is d if fe re n t in left-handers than in right-handers, the 
typo, o f hemispheric speech la te ra liza t io n  in the former group is 
yet to be c learly  ascertained ( i . e .  is the pattern of language 
la te ra l iz a t io n  in s in is tra ls  compatible with a variable un ila tera l 
representation ( l e f t -  or r ight-sided) or a more complex form of 
b ila te ra l  and variable un ila tera l speech ( l e f t -  or r ight-s ided, 
and b i la t e r a l ) ) .  One way to delineate the type of organization, 
according to Satz, would be to determine the upper l im it  of  
aphasia that would be expected a f te r  un ila tera l brain damage ( i . e . ,  
the maximum frequency of aphasia expected assuming that aphasia 
always occurred following random unilatera l damage to the dominant 
language hemisphere). Satz argued that i f  these upper l im its  could 
be quantita tive ly  established, then one could use the observed 
data on the incidence of aphasia a f te r  un ila tera l hemispheric 
damage in left-handers reported in the l i te ra tu re  to ascertain the 
pattern o f  hemispheric language la te ra l iz a t io n  involved. When 
Satz computed the upper l im it  of aphasia that could be expected fo r  
each model and compared these values with the observed data fo r  
12 published studies, a d if fe re n t model o f hemispheric speech 
la te ra l iz a t io n  existed fo r left-handers and right-handers. Where­
as a un ila tera l model represented the best estimate of brain 
la te ra l iz a t io n  in right-handers, the model that 'best f i t '  the 
ohserved incidence of aphasia in left-handers across studies was
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one that posited b ila te ra l and variable un ila tera l speech 
representation. I t  would seem, according to Satz, that s in is ­
t ra ls  constitute a much more heterogeneous group in regard to 
hemispheric brain la te ra l iza t io n  than do right-handers.
Additional evidence that buttresses the notion that  
differences ex is t between l e f t -  and right-handers concerning 
patterns of language specialization comes from studies that have 
employed a varie ty  of other experimental methods. For example, 
a number of studies u t i l iz in g  an approach of d ichotica lly  present­
ing verbal information to normal, neurologically in tac t subjects 
have demonstrated smaller recall difference scores between the 
two ears for the left-handed individual as compared to the normal 
r ig h t ear advantage manifested by a right-handed person (Bryden, 
1965; Curry & Rutherford, 1967; Geffen & Traub, 1979; Lishman & 
McMeekan, 1977; Satz, Achenbach, Pattisba ll & Fennell, 1965).
Two studies have reported a l e f t  ear advantage fo r some l e f t ­
handers; one u t i l iz in g  a.dichotic lis ten ing  task (Knox & Boone, 
1970), and the other employing a dichotic monitoring task (Geffen 
& Traub, 1980). The results of the above-mentioned studies have 
been interpreted by most authors as indicating that the mechanisms 
underlying language may be less la te ra lized  in the left-handed.
Other studies of normal, neurologically in tact ind iv id ­
uals employing visual h a l f - f ie ld  preference measures have yielded  
findings that have been, for the most part, compatible with the 
concept o f d if fe re n t types of functional brain la te ra l iz a t io n  in 
left-handers. Most dextrals are known to exhib it a r igh t visual
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semi-field-1 e f t  hemisphere advantage for verbal s tim u li.  Several 
studies with s in is t ra ls ,  on the other hand, have shown a greater  
overall recognition in the l e f t  visual f ie ld ,  a r igh t visual 
f ie ld  superiority  that is less marked, or have fa ile d  to show any 
consistent visual f ie ld  differences in the perception of tachis- 
toscopically presented verbal information (Beaumont & Diniond,
1973; Bradshaw, Gates & Nettleton, 1977; Bryden, 1965; Hines & 
Satz, 1974; McKeever & G i l l ,  1972; Orbach, 1967). Again, the 
evidence from these studies has been interpreted as re lecting a 
language system that is more d iffuse ly  represented within the 
cerebral hemispheres of left-handers.
Recently, the growing adoption of several other method­
ological strategies for the study of handedness and language 
la te ra l iz a t io n  have been cited in support of the hypothesis that 
s in is tra ls  may d i f f e r  from dextrals concerning cerebral organiza­
t io n . Thus, a series of studies (Fleminger & Bruce, 1975; P ra tt ,  
Warrington & Halliday, 1971; Warrington & P ra tt ,  1973) have 
demonstrated that language functions were more l ik e ly  to be dis­
turbed following un ila tera l electroconvulsive therapy delivered to 
e ith e r  hemisphere in left-handers as compared to right-handers, 
although l e f t  hemispheric language representation appeared to be 
the ru le . Using an approach based on the spectral analysis of 
visual and auditory evoked potentia ls , Davis & Wada (1977) demon­
strated that-most right-handed ep ilep tic  patients (approximately 
86%) exhibited l e f t  hemisphere speech dominance, while l e f t -  and 
mixed-handed patients were evenly divided between l e f t  and r ig h t
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hemispheric speech representation (approximately 50% in each 
group). F in a lly , hemispheric la te ra l iz a t io n  o f language func­
tions in s in is tra ls  has been inferred through the inducement of 
hemispheric anesthesia secondary to in tracarotid  in jection of 
sodium amytal or the faster acting barbiturate methohexital 
(M ilner, Branch & Rasmussen, 1966; Willmore, Wilder, Mayersdorf 
& Sypert, 1978). All of these studies have provided another 
source o f evidence to support the notion that the pattern of 
language la te ra l iz a t io n  in the left-handed individual is d i f f e r ­
ent from that ty p ic a lly  observed in the right-handed person.
Much of the research on the cognitive concomitants o f  
left-handedness has centered on identify ing differences between 
left-handers and right-handers with regard to the direction and 
the degree of hemispheric specialization for language functions.
I t  has also been demonstrated tha t, at least fo r some left-handers, . 
the hemispheres may be organized d if fe re n t ly  for a variety of other 
cognitive c a p a b il it ie s . Several studies have reported a poorer 
performance for the left-handed on a variety o f  perceptual tasks 
(F l ic k ,  1966; Nebes, 1971; Silverman, Adevai & McGough, 1966), 
and that left-handers as a group tend to be more ' f i e ld  dependent'- 
than right-handed individuals (Dawson, 1977a, 1977b; Oltman & 
Capobianco, 1967; Silverman, et a l , 1966). however, some attempts 
to rep licate the former studies have been unsuccessful (Hardyck,
1977; Kutas, McCarthy & Douchin, 1975). Levy (1969) posited 
that since left-handers were more l ik e ly  to possess b i la te ra l  
language centres or perhaps some degree of language competency in
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both hemispheres, they may be expected to perform re la t iv e ly  
poorer than right-handers in tests of perceptual function. The 
hypothesis was simply that a b i la te ra l  language representation 
would tend to in te rfe re  with a b i l i t ie s  normally thought to be 
subserved by the nondominant hemisphere. To test her hypothesis, 
Levy administered the Wechsler Adult In te lligence Scale to 10 
left-handed and 15 right-handed postgraduate students and the re­
sults confirmed her expectations: dextrals were found to exhib it
only an 8 point discrepancy while s in is tra ls  were found to exh ib it  
a 25 point difference between Verbal and Performance IQ scores 
( i . e . ,  high Verbal IQ- low Performance IQ). These findings were 
interpreted by Levy as evidence to support the notion that r ig h t  
hemispheric partic ipation in language processes in terferes with 
the development o f adequate r ig h t hemisphere visual perceptual and 
visual spatial a b i l i t ie s .  Over the subsequent years, attempts at ... 
rep licating the notion o f  a re la t iv e  impairment of perceptual or 
spatial a b i l i t y  among left-handers has met with mixed success.
Thus, several authors have demonstrated that verbal functions under­
taken by the r ig h t hemisphere in left-handers can only occur a t the 
expense o f the spatial functions normally subserved by that 
hemisphere (Hicks & Beveridge, 1978; Johnson & Harley, 1980;
McGlone & Davidson, 1973; M i l le r ,  1971). At the same time, the 
hypothesized spatial impairment in the left-handed individual has 
not heen able to endure the rigors o f experimental rep lication  by 
a number o f other authors (Bryden, 1973; Carter-Saltzman, Scan- 
Slapatek, Barker & Katz, 1976; Fennel, Satz, Van Den A bell, Bowers
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& Thomas, 1978; Heim & Watts, 1976; McKeever & Van Deventer,
1977; Yen, 1975). For the most part, these studies have 
reported the absence of any compelling evidence to support a 
superiority  of spatial or verbal a b i l i t ie s  fo r e ith er  r ig h t-  or 
left-handers. One intriguing a lternative  hypothesis expounded 
upon by De Freitas & Dubrovsky (1976) suggests that perhaps in a 
left-handed population with language most l ik e ly  la te ra lized  to the 
r ig h t hemisphere, spatial analysis may be more e ffe c ie n tly  performed 
in the l e f t  hemisphere. Evidence to support th is  p o s s ib il i ty ,  
however, is lacking. Generally speaking, i t  has been d i f f i c u l t  
to demonstrate without a doubt that hemispheric organization of  
spatial processing a b i l i t ie s  may d i f fe r  as a function o f  handed­
ness. As Marshall (1974) has suggested, perhaps part o f the prob­
lem may l ie  in our lack of understanding concerning the information 
processing s k i l ls  required on tasks of a presumably l in g u is t ic  
and/or visuo-spatial nature. That is to say, l i t t l e  can be con­
cluded in regard to differences in brain organization between dex­
tra ls  and s in is tra ls  until one knows more precisely what a p a rt ic ­
u lar behavioural task is intended to measure. Furthermore, the 
Levy model of 1intrahemispheric competition' suffers from a fa ilu re  
to provide more conclusive evidence that left-handers indeed possess 
b ila te ra l  language representation. F in a lly ,  since i t  is known 
that left-handers may constitute a more heterogeneous group con­
cerning th e ir  hand preferences, an accurate id e n tif ic a t io n  o f  the 
"left-handers" becomes d i f f ic u l t .  As Wang (1980) points out, there 
is a problem of defining dominance in regard to hand preference,
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since the dominant hand does not necessarily dominate every 
function. The hand superiority fo r a given performance seems 
to be determined by the degree of cerebral dominance for that  
particu lar function.
Other a b i l i ty  differences of various types have been 
postulated to exist as a function of preferred handedness. For 
example, left-handers have been found to exhib it reverse or smaller 
between ear difference scores when d ichotica lly  presented with 
auditory information of a nonverbal nature (Curry, 1967). Mixed 
left-handers, in p a rt icu la r, have been reported to exhib it faster  
reaction times to nonverbal auditory stimulation delivered to the 
r ig h t ear (Klisy & Parsons, 1975), and have been found to outper­
form other handedness groups in making pitch recognition judge­
ments (Deutsch, 1980). When tested fo r differences in somatic 
pressure s e n s it iv ity  a f te r  stimulating various body parts, a 
greater proportion of right-handers than left-handers were found 
to have greater s e n s it iv ity  on the l e f t  side o f the body (Weinstein 
& Sersen, 1961). In regard to motor s k i l ls ,  Kimura (1973) has 
demonstrated that left-handers tended to make more free hagd move­
ments during the act o f speaking than right-handers, a finding she 
argued was indicative of b ila te ra l  representation o f expressive 
language functions in s in is tra ls .  More recently, Whilke & Sheeley 
(1979) studied the c ircu lar  index finger movements in various hand­
edness groups and concluded that strong right-handers tended to move 
both th e ir  l e f t  and righ t index fingers in the same d irections. 
F in a lly , differences have also been reported concerning la te ra l  eye
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movement d ire c t io n a lity  and saccadic eye movement latencies in 
response to various cognitive task demands as a function of pre­
ferred handedness (Gur & Gur, 1980; Pirozzola & Rayner, 1980).
I t  has been suggested by several authors that l e f t ­
handers may not represent a single group, but may d i f f e r  amongst 
themselves concerning patterns of hemispheric specia lization. The 
most sa lien t variables thought to d if fe re n t ia te  between s in is tra ls  
have included hand posture during w rit ing , degree of hand preference 
and fa m ilia l history of left-handedness. In regard to the f i r s t  
of these, Levy (1973) postulated that the position o f the hand 
during w riting  may be an index of the la te ra l relationship between 
the dominant w riting  hand and the hemisphere specialized for  
language. That is to say, a normal posture ( in  which the hand 
l ies  below the line  of w riting) was thought to be indicative of a 
contralateral hemispheric language representation, and an inverted 
or "hooked" posture (in  which the hand l ies  above the lin e  of  
w rit ing ) indicated an ip s ila te ra l language specia lization . Subse­
quent studies conducted by Levy (Levy & Reid, 1976, 1978) in which 
comparisons were made between hand orientation during w riting  and 
performance on several tachistoscopic tests o f cerebral la te r a l iz a ­
tion have tended to confirm her expectations. In general, both 
dextrals and s in is tra ls  that exhibited a normal w riting  posture 
manifested a strong la te ra l  d if fe re n tia t io n  between the hemispheres, 
while ‘ inverted’ left-handers exhibited a weak degree of la te ra l  
d if fe re n t ia t io n .  In part ia l support of Levy's hand orientation  
theory, Gregory & Paul (1980) have recently demonstrated that normal
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and inverted left-handers d iffered in th e ir  performances on a 
battery of neuropsychologic tests in that the la t t e r  group per­
formed more poorly on tasks involving oral vocabulary s k i l ls ,  
alertness to visual detail and visual sequencing a b i l i t ie s .  The 
mild performance decrements exhibited by left-handers with an in­
verted handwriting posture was interpreted by the authors as pos­
s ib ly  re flec ting  some degree of neuropsychological s k i l l  deficiency 
as a result of a d if fe re n t pattern of cerebral organization in these 
individuals. On the other hand, two other studies employing 
dichotic and tachistoscopic indices of hemispheric language la te r ­
a liza tio n  have fa ile d  to find a s ign ificant difference in level of  
performance between inverted and noninverted left-handers on 
these tasks (Herron, Galin, Johnstone & Ornstein, 1979; McKeever 
& Van Deventer, 1980).
Several studies have suggested that there is a re la t io n - " 
ship between the in tensity  of left-handedness and the type of  
organization o f language representation. However, the studies of 
hemispheric specialization that have compared the consistency and 
degree o f left-handedness have not been in agreement. On the one 
hand, there have been those who have suggested that strongly  
left-handed individuals possess l e f t  hemispheric language represent­
ation (weak left-handers are thought to possess r igh t hemisphere 
language dominance)(Dee, 1971; Hecaen & Sauguet, 1971), whereas 
others believe that strong left-handers have reduced la te ra l iz a t io n  
or b ila te ra l representation of language (Knox & Boone, 1970;
Lishman & McKeekan, 1977; Satz, Achenbach & Fennell, 1967; Sealeman, 
1978; Shankweiler & Studdert-Kennedy, 1975). One study reported
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a tendency for less strongly left-handers to exhib it poorer 
performances on language-related tasks (e .g . spelling , object 
naming) compared to 'pure' left-handers (Newcombe & R a tc l i f f ,
1973). F in a lly , two studies found strength of handedness to be 
a nonsignificant variable for d if fe re n t ia t in g  between subgroups 
of left-handed individuals (Jackson, 1978; Schlichting, 1978).
To summarize, i t  would appear that the relationship between the 
in tensity  of left-handedness and patterns of hemispheric special­
ization  is an unresolved issue. I t  is unclear as to what extent 
differences in c r i te r ia  for degree of hand preference as well as 
differences in selected brain la te ra l iz a t io n  measures can adequate­
ly  account fo r the reported discrepancies. Perhaps, at best, the 
evidence indicates that the pattern of hemispheric specia liza­
tion is d iffe ren t between strongly left-handed individuals and 
weak left-handers; however, the type or pattern of brain la te r a l -
%
iza tion  is yet to be defined.
The f ina l factor thought to be important in elucidating  
subtypes of left-handedness is the presence or absence o f a fa m ilia l  
history or s in is t r a l i t y .  Over s ix ty  years ago Kennedy (1916), in 
his study o f six selected cases o f lesion-produced d e f ic its  in 
language functions, suggested that the pattern o f cerebral organ­
iza tio n  may be dictated more by 'the trend of an ind iv idual's  
stock rather than by his own p e c u lia r it ie s ' (p. 859). Since that  
time, numerous studies of the language d e fic its  in patients with 
brain in ju ry , r ig h t - le f t  perceptual asymmetries on dichotic stim­
ulation and tachistoscopic tasks, and differences exhibited on tasks 
intended to measure various other cognitive a b i l i t ie s  (e .g . ,  simple
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motor and tactile-perceptual s k i l ls ,  visual perceptual a b i l i t ie s  
and in te lle c tu a l functioning) have indicated that fam ilia l hand­
edness may be a relevant factor in distinguishing between s in is tra ls  
with d if fe re n t patterns of hemispheric specia lization . Of studies 
of un ila tera l brain damage, some have reported that i t  is the 
group of left-handers with a positive family history of s in is t r a l ­
i t y  who have reduced la te ra l iza t io n  or b ila te ra l  representation of  
language (Hecaen & Sauguet, 1971; Lishman & McMeekan, 1977), where­
as another study has indicated that left-handers with a family 
history o f left-handedness are more l ik e ly  to have language repre­
sented predominantly in the l e f t  hemisphere (Newcombe & R a tc l i f f ,  
1973). Studies with hemiplegic children have also reported an 
association between fam ilia l handedness and cognitive functioning. 
Thus, Annett (1973) indicated that in a group of children with r ig h t­
sided hemiplegia and a nonfamilial history of left-handedness, 
verbal and performance IQs were more highly correlated with the 
speed of peg moving by the affected hand than with that o f the 
in ta c t ,  be tter  hand. Annett suggested that such a finding was con­
s is ten t with the notion that there was a greater dependence on the 
l e f t  hemisphere in those individuals without fa m ilia l s in is t r a l i t y .
In a related study, O'Malley & G r i f f i th  (1977) reported that hemi­
plegic children with a history of fam ilia l left-handedness had a 
higher incidence o f language-related problems (including auditory 
language and speech delay d i f f ic u l t ie s ) .  The authors suggested that  
the d if fe re n t  pattern of de f ic its  exhibited by children with a 
history of fa m ilia l s in is t r a l i ty  may re f le c t  an anomalous type of  
cerebral organization in such individuals.
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Studies conducted with normal subjects have also re­
ported differences on commonly used measures such as dichotic  
l is ten ing  and tachistoscopic hemifield stimulation as a function 
of fa m ilia l handedness. Of studies of r ig h t - le f t  perceptual 
asymmetries with right-handers, several have reported that i t  is 
the dextral with no family history of left-handedness that exhib­
its  the greatest superiority  of the r ight visual f ie ld  (Endress, 
1974; Hannay & Malone, 1976; Hines & Satz, 1971; McKeever, et a l , 
1973). Another study (McKeever & Jackson, 1979) reported a c lear  
fa m ilia l s in is t r a l i ty  e ffe c t  in colour-naming; subjects with a 
positive family history of left-handedness were s ig n if ic a n tly  less 
r ig h t visual f ie ld  superior for naming latencies than those lack­
ing such a h istory. Studies conducted with left-handed ind iv id ­
uals comparing fam ilia l s in is tra ls  with those who have a negative 
history of left-handedness in the family have not been in agree­
ment. On the one hand, there have been those who have reported 
that fa m ilia l  left-handers demonstrate the r ig h t visual f ie ld  
superiority  ind icative  of re la t iv e  l e f t  hemisphere dominance, 
while nonfamilial s in is tra ls  exhib it reduced r ig h t - le f t  percep­
tual asymmetry (Bradshaw & Taylor, 1979; McKeever, 1979; McKeever 
& Van Deventer, 1977; Satz, et a l , 1967; Schlichting, 1978). On 
the other hand, several studies (Andrews, 1977; Bryden, 1965; 
Piazza, 1980; Schmuller & Goodman, 1979;Zurif&  Bryden, 1969) 
have indicated that the left-handed with a family history o f l e f t -  
handedness tend to show a stronger l e f t  visual f ie ld  superiority  
or a reduced r ig h t - le f t  discrepancy. Some studies (Bryden, 1973;
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Higenbottom, 1973; Jackson, 1978) have found that fam ilia l and 
nonfamilial s in is tra ls  cannot be d iffe ren tia ted  based on visual 
f ie ld  preference scores.
Research re la ting  dichotic recognition scores to 
brain organization has reported results s im ilar to the visual 
hemifield findings. For example, several studies (Geffen & Traub, 
1979, 1980; McKeever & Van Deventer, 1977; Satz e t .  a l . ,  1967) 
have indicated that fam ilia l s in is tra ls  were more l ik e ly  to 
reveal l e f t  hemisphere language d ichotica lly  than nonfamilial 
le ft-handers. Other studies have reported that the left-hander  
with a positive history of s in is t r a l i ty  in the family tended to 
exh ib it  anomalous patterns of r ig h t - le f t  ear difference scores 
( i . e .  b i la te ra l  or atypical l e f t  ear superio rit ies) (Bryden, 1965 
Lake & Bryden, 1976; Piazza, 1980; Z u rif  & Bryden, 1969). F ina lly  
there have been those who have fa ile d  to uncover any clearcut 
relationship fo r  family s in is t r a l i ty  and left-handedness (Briggs & 
Nebes, 1976; Schlichting, 1978).
Additional evidence to buttress the claim that there may 
be a re la t ion  between a family history of left-handedness and brail 
organization has been derived from studies that have examined a 
varie ty  o f other cognitive a b i l i t ie s .  For example, within the 
tactile -perceptual realm, Fennell, Satz & Wise (1967) found that  
fa m ilia l s in is tra ls  exhibited a s ig n ifican tly  greater incidence of 
lower pressure s e n s it iv ity  thresholds on the r ig h t hand than did 
nonfamilial s in is t ra ls ,  and Varney & Benton (1975) demonstrated 
that left-handers with a history o f fam ilia l s in is t r a l i ty  showed a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
29
clear r ig h t hand superiority  in detecting the direction o f tac­
t i l e  stimulation applied to the palms of the hands; dextrals  
with a family history of left-handedness exhibited no la te ra l  
asymmetry in performance. In the area o f motor functioning, 
McKeever & Van Deventer (1977) indicated that finger tapping 
scores were higher with the l e f t  hand for a group of fam ilia l  
left-handers compared to nonfamilial left-handers, whereas Annett 
(1974) reported an equal division between the two hands on mea­
sures of motor speed in a group of children having two s in is tra l  
parents. Also, Wolff & Cohen (1980) recently studied the in te r ­
ference effects from language-based tasks (re c it in g  nursery 
rhymes or reading unfamiliar tex t)  on manual performance (tapping 
in synchrony with a metronome) in a group of right-handers, and 
found that dextrals with a family history of s in is t r a l i t y  showed 
less overall and less la te ra lize d  dual task interference than d e x -•- 
t ra ls  with a negative fa m ilia l s in is t r a l i ty  h istory. On auditory 
tasks o f a nonverbal nature, Byrne & S in c la ir  (1979) demonstrated 
that fam ilia l left-handed subjects exhibited higher levels of per­
formance on both subtests of the Seashore Rhythm Test than a group 
o f nonfamilial s in is t ra ls ,  and another study (K e lla r  & Bever, 1980) 
found that family handedness background s ig n if ic a n tly  influenced 
ear preference scores on a task requiring the categorization of 
musical in tervals (two-note chords) in a group o f trained music­
ians. One study reported the presence o f a diminished facia l  
recognition a b i l i t y  in the fa m ilia l left-handed (G ilb e rt ,  1977). 
F in a lly , studies on in te lle c tu a l functioning have reported both, the
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occurrence o f a lower Full Scale WAIS IQ in left-handers with a 
positive family history o f s in is t r a l i ty  (Briggs & Nebes, 1976), 
and the presence of a complex interaction between handedness, 
fam ilia l s in is t r a l i t y  and sex on spatial and verbal a b i l i t ie s ,  
while memory and perceptual speed a b i l i t ie s  appeared not to be 
influenced by the interactions of these factors (Kocel, 1977, 1980).
In summary, a number of factors have been proposed as 
having some importance for delineating d if fe re n t  patterns of organ­
ization  and la te ra l iz a t io n  o f cognitive functions, one of which 
is the presence or absence of a family history of left-handedness.
I t  would appear that the effects of fam ilia l s in is t r a l i t y  on 
cortica l organization are controversial, and the issue is fa r  from 
being resolved. Be that as i t  may, there seems to be a trend in 
the l i te ra tu re  that suggests that i t  may be the fam ilia l l e f t -  
handed individual who is most l ik e ly  to exhib it an anomalous type 
of cerebral organization. Taken together, the findings from a 
large number o f  studies o f lesion-produced d e f ic i ts ,  r ig h t - le f t  
perceptual asymmetries, and differences manifested on tasks intended 
to measure various other cognitive capab ilit ies  have been con­
sonance with the notion that there is an association between the 
presence of s in is tra !  tendencies within the family and the l i k l i -  
hood of a b icerebra lity  cortica l representation. In this regard, 
Hardyck (1977) has proposed a model of hemispheric functioning that 
takes into account the fa m ilia l handedness component. Essentia lly , 
Hardyck has argued that hemispheric specialization is organized along 
a continuum that ranges through two extremes. On one end of the 
continuum, representing the extreme la te ra l iz a t io n  position, are
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the right-handers with no family history of left-handedness.
The other end of the continuum, representative of the bicere­
bral i t y  point of view, are the left-handed individuals with a 
positive history of fam ilia l s in is t r a l i t y .  F in a lly , between 
these two groups, representing a lesser degree of b i la te r a l i ty  
of cerebral functions, are the dextrals with a family history of 
left-handedness. While i t  would seem that researchers have made 
considerable progress in th e ir  attempts to iden tify  how patterns 
vary fo r cerebral organization as a function of Familial hand­
edness, a great deal remains to be learned regarding this re la t io n ­
ship. To complicate matters fu rth er, researchers have only 
begun to unravel the nature of the complex interrelationships that 
appear to ex is t between a variety of variables thought to be 
important for determining patterns o f brain la te ra l iza t io n  (e .g . ,  
fam ilia l handedness h istory, in tensity  of handedness, w riting  
posture, task selection and sex) (Kocel, 1977, 1980; Searlemen, 
Tweedy & Springer, 1979).
Handedness and Learning D if f ic u lt ie s
Included in the l i te ra tu re  postulating a b i l i t y  differences 
o f various types for left-handed individuals is the claim that 
s in is t r a l i t y  is related to a variety  o f behavioural d e f ic i ts .  Most 
o f the information pertaining to th is issue has been generated 
from the performances of children in a number of c l in ic a l popula­
tions. Thus, some investigators have argued for an association be­
tween handedness and language problems (Barry & James, 1978;
Boucher, 1977; Calnan & Richardson, 1976; Col be & Parkison, 1977;
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Gordon, 1921; Hecaen & de Ajuriaguerra, 1964; McBurney &
Dunn, 1976), in te lle c tu a l deficiency (Barry & James, 1978;
Berman, 1971; Fagin-Dubin, 1974; F lic k , 1966; Porac, Coren &
Duncan, 1980; Richi in , Weinstein & Weisinger, 1976) and aca­
demic-related d i f f ic u l t ie s  (Annett & Turner, 1974; Ayres, 1972; 
Bryden, 1970; Dean, 1981; Harris, 1957; Schevill, 1980; 
Shankweiler, 1964; Shearer, 1968; Stein, Gibbons & Meldman, 1980). 
Of studies o f language disturbance, Gordon (1921) reported that 
the incidence of left-handedness was higher in 'mental defec­
t iv e '  schools than in regular elementary schools (18.2% to 
7.3%, respective ly ), and that s in is t r a l i ty  was more frequently  
associated with speech-related defects. Inc id en ta lly , Gordon 
further suggested that left-handedness was a manifestation of  
brain pathology, a view consonant with the 'pathological' l e f t -  
handedness model. Hecaen & de Ajuriaguerra (1964) in th e ir  
study of stammerers, dyslexics and normals demonstrated that the 
re la t iv e  number of left-handed subjects was much greater in the 
stutterers than in the group of normal children. More recently, 
McBurney & Dunn (1976) reported that children whose handeness 
was other than strongly r ig h t or who exhibited a mixed la te r a l ­
i t y  pattern (e .g . hand and foot preference d if fe re n t  from eye) 
were more l ik e ly  to be achieving below age-expectancy levels on 
various language s k il le d  tasks. Studies of a u t is t ic  children  
have also revealed marked differences concerning preferred hand­
edness. Thus, Colby & Parkison (1977) reported that the incid­
ence of left-handedness was 12% in normal children whereas i t  was
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65% in a u t is t ic  children. Boucher (1977) indicated that 
a u t is t ic  children as a group exhibited a small increase in 
preferred left-handedness, and Barry & James (1978) reported a 
sign ifican t increase in the variance of dominant-hand usage from 
normals to a u t is t ic s . F in a lly ,  in contrast to the studies cited  
above, Caiman & Richardson (1976) were unable to find an in ­
creased incidence of speech disorders in children who were l e f t -  
or mixed-handed.
Of studies of psychometric intellegence, some have 
reported the absence of any s ign ifican t difference between l e f t -  
handed and right-handed individuals (Fagin-Dubin, 1974; Hardyck, 
Petrinovich & Goldman, 1976; K e lle r, Crooke & Riesenman, 1973; 
M il le r ,  1971). On the other hand, F lick (1966) showed that  
le ft-handed-left-eyed dominant individuals exhibited poorer per­
formances on in te llec tu a l measures than a l l  other hand-eye domin­
ant groups with the exception o f left-handed-right-eyed subjects. 
Moreover, McBurney & Dunn (1976), in th e ir  investigation o f the 
association between language s k i l ls  and la t e r a l i t y ,  reported that  
most s in is tra ! groups obtained lower mean WISC Verbal and Perform­
ance IQs than dextrals. One study (Berman, 1971) indicated the 
need to examine a variety  o f body la te r a l i ty  measures (e .g . hand, 
foo t, eye, ear) rather than attempting to correlate handedness 
alone with in te lle c tu a l functioning. Furthermore, another more 
recent study (Swanson, Kinsbourne & Horn, 1980) emphasized the 
importance o f  age as a crucial variable in assessing the re la t io n ­
ship between handedness and in te lle c tu a l impairment. In th e ir
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longitudinal study of elementary school children, Swanson and 
his colleagues found that a group o f non-right-handed individuals  
could exhib it no difference in in te llec tu a l a b i l i t ie s  from a 
group of dextrals at one stage in th e ir  l i f e  span ( i . e . ,  when 
assessed in 4th grade), yet when tested three years la te r  ( i . e . ,  
in 7th grade) were found to score lower than right-handers in 
overall intellegence. F in a lly ,  the relationship between la te ra l  
preference patterns and mental retardation has been studied as 
w e ll.  Again, i t  has been reported (Wilson & Bruce, 1955) that  
there is a twofold increase in the incidence o f s in is t r a l i t y  
amongst retardates as compared to normals. Also, a more system­
a tic  study of la te ra l preference patterns (hand, eye, foo t, and 
ear) in a group of high-trainable and low-educable mental retard­
ates revealed a s ig n if ic a n tly  greater incidence of le ft -s id e d  or 
mixed-sided behaviours on each of the preference dimensions when 
compared against two non-retarded groups (Porac, Coren &
Duncan, 1981). Moreover, visual evoked potentials have been re­
corded from both hemispheres in a group o f normal dextra ls , dex- 
t ra l  retardates and s in is tra !  retardates (R ich lin , Weinstein &
Wei singer, 1975). The results of th is study indicated that there 
existed an asymmetry between the hemispheres for the Nj-P£ 
amplitude. For dextral retardates, the l e f t  hemisphere amplitude 
was greater than that of the r igh t hemisphere; in s in is tra l  retard­
ates as well as normals the asymmetry was reversed-right hemis­
phere amplitude greater than l e f t .  The authors argued that hand­
edness appeared to be one of several variables seemingly important
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in determining the kinds of e le c tr ic a l a c t iv ity  seen secondary 
to visual stimulation.
The notion that left-handedness may be related to learn­
ing d e fic its  in general, and reading d is a b il i ty  in p a r t ic u la r ,  
is certa in ly  not a recent one. Ever since Orton (1937) sug­
gested that the lack of consistent la te r a l i ty  preference reflected  
some degree of mixed cerebral dominance and, in turn, resulted  
in learning d is a b i l i ty ,  researchers have been interested in the 
relationship between patterns of la te ra l preference, cerebral 
dominance and learning d i f f ic u l t ie s .  However, as ty p ic a lly  seen 
in so many areas of study concerning left-handedness, results  
have not been in agreement. On the one hand, some investigators  
have argued that there is no difference between dextrals and 
s in is tra ls  in reading a b i l i t y .  Thus, Balow (1963) reported that  
mixed-handed children exhibited scores comparable with those 
obtained by children with consistent hand preference on a varie ty  - 
o f reading achievement measures. Coleman & Deutsch (1964) indicated  
that there were no differences between a group of normal readers 
and a group o f retarded readers on one standard measure of hand 
preference (e .g . ,  Harris Tests of Lateral Dominance), and 
Hecaen & de Ajuriaguerra (1964) reported s im ilar findings in 
th e ir  study of the index o f la te r a l i ty  of children who have reading 
d i f f ic u l t ie s .  At the same time, the la t te r  authors did report 
that children who present with d i f f ic u l t ie s  in learning to read 
were more often poorly la te ra lize d  ( i . e . ,  in terms o f the re la t iv e
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proportions o f the la te ra l dominances). In a study of good 
and poor readers (as assessed with four tests o f reading a b i l i t y ) ,  
Belmont & Birch (1965) found that preferentia l hand usage did 
not d i f f e r  between the two groups. One study (C lark, 1970) 
enlisted a population sample of over 1500 children and fa ile d  to 
find any evidence that reading achievement level could be predicted 
re l ia b ly  on the basis of the presence of left-handedness. Wussler 
& Barclay (1970) indicated that a group of children with reading 
d if f ic u l t ie s  were not s ign ifican tly  d iffe ren t from one another in 
terms of patterns of psycholinguistic functioning when c lass if ied  
as e ith er  la te ra lized  or mixed dominant, while another study 
(Ginsburg & Hartwick, 1971) rejected crossed hand-eye dominance 
as a sign of reading d i f f ic u l t ie s .  F in a lly , one study of r ig h t-  
l e f t  perceptual asymmetry on visual hemifield stimulation (Olson, 
1973) reported that both a group of right-handed children and a 
group of left-handed or ambidextrous children exhibited a r ight  
visual f ie ld  preference for word recognition. Unfortunately, a 
second part o f the study aimed at investigating visual f ie ld  pre­
ferences in a group of poor readers did not report any handed­
ness data.
On the other hand, there have been several reports that  
have indicated that an association exists between hand preference 
and specific  reading d is a b il i ty .  For example, Harris (1957) 
reported a much higher incidence of mixed-hand dominance and a 
trend towards greater left-handedness in a group of reading dis­
abled children as compared against a group o f normal readers, and
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this finding was confirmed by Shearer (1968) in his study of a 
group of 'backward' readers. Consonant with these findings,
Ayres (1972) has reported a 16.9% incidence o f s in is t r a l i t y  in a 
group of children having learning disorders, and Annett &
Turner (1974) found an excess of children with s in is tra l  tend­
encies among those with specific  reading d is a b i l i t ie s .  At the same 
time, the findings of the la t te r  study indicated that both l e f t -  
or mixed-handed children and right-handed children exhibited  
s im ila r  levels of performance on several verbal and nonverbal 
tasks. On tests of r ig h t - le f t  perceptual asymmetries, Bryden 
(1970) studied dichotic lis ten ing  la te r a l i ty  in children at three 
grade levels (2 , 4 and 6) and reported a developmental trend: for
right-handers, the number of r ight ear dominant subjects increased 
with grade le v e l,  whereas the opposite finding was seen for a 
group of left-handed children. Moreover, good readers were found 
to exhib it an uncrossed dominance pattern ( i . e . ,  having a domin­
ant hand ip s i la te ra l  to the dominant e a r) ,  and poor readers were 
much more l ik e ly  to show crossed ear-hand dominance, although th is  
finding was most evident in boys at a ll  grade le v e ls , but in 
younger g ir ls  only. Another dichotic listen ing study by Z u r i f  & 
Carson (1970) demonstrated that poor readers exhibited a s lig h t  
trend towards a l e f t  ear superiority  in th e ir  recall for d ig its ,  
and that the group o f dyslexics, in relation to the good readers, 
were much less adept with e ith er  hand, and poorer with th e ir  pre­
ferred hand on one manual dexterity  measure ( i . e . ,  c irc le -c u tt in g  
task ). F in a lly ,  Shankweiler (1964) has suggested that fam ilia l
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s in is t r a l i t y  may be a more important variable than the ind iv id ­
ua l's  handedness peA 4e. for determining the association between 
s in is t r a l i t y  and problems in learning to read. That is to say, 
of twelve cases of reading d is a b il i ty  investigated by Shankweiler, 
only two cases were left-handed, however, six (50%) of the 
children reported left-handedness within the family history.
Recently, some studies have investigated la te ra l eye 
movement asymmetry and la te ra l preference patterns in hetero­
geneous populations of learning disabled children (Dean, Schwartz 
& Smith, 1981; Stein, e t .  a l . ,  1980). Thus, in the la t t e r  study, 
Stein and his colleagues offerred some ind irect support for  
Orton's (1937) contention that a relationship exists between incon­
sis ten t la te ra l preference and educational d i f f ic u l t ie s  by demon­
stra tin g  that a group o f mostly right-handed disabled children  
exhibited l e f t  la te ra l eye movements, whereas normal readers showed , 
a higher incidence of r ight eye movements. In c id en ta lly , there 
was no s ign ifican t difference between learning disabled and normal 
children concerning incidence of left-handedness. In the former 
study, Dean e t .  a l .  (1981) presented a detailed report of the 
la te ra l  preference patterns fo r children with learning problems as 
in ferred from a se lf-rep ort instrument thought to predict re l ia b ly  
the actual preference for a c t iv it ie s  involving the eyes, ears, feet  
and hands. The hand preference schedule was composed of 49 items 
that represented six factors isolated on the basis of a m ultivaria te  
c lass if ic a tio n  procedure. I n i t i a l l y ,  the la te ra l preference 
patterns for a group of normal and a group o f learning disabled
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children were studied. The results indicated that the children 
with specific learning problems exhibited more b ila te ra l or 
mixed dominance than normal children on the following factors: 
visually-guided fine motor a c t iv it ie s  (Factor 2 );  auditory 
preference or ear use (Factor 4) and; fine motor tasks involving 
the feet (Factor 6 ) . In the second part of the study, two groups 
of learning disabled children were id en tif ied  who differed in 
th e ir  la te ra l preferences: one group exhibited a more consist­
ent cerebral l a t e r a l i t y ,  while the second group displayed a mixed 
preference pattern. The two groups were then compared on tasks 
intended to assess th e ir  verbal and spatial a b i l i t ie s .  Comparisons 
between the two groups revealed that mixed dominant children 
diagnosed as learning disabled exhibited spatial processing 
d e f ic i ts ,  whereas learning disabled children with consistent la te r ­
a l i t y  preference showed a deficiency in verbal knowledge. Based 
on these findings, the authors suggested that there would appear to 
be at least two d is t in c t  types o f learning disabled children who 
d i f f e r ,  as a function of la te ra l preference patterns, in th e ir  
verbal and spatial a b i l i t y  structure.
In terest in evaluating the performances of le ft-and  
right-handed learning disabled children on tasks o f a t a c t i le -  
perceptual nature has provided another source o f evidence fo r an 
association between la te ra l preference, hemispheric specialization  
and academic-related d i f f ic u l t ie s .  For example, Bakker (1972) 
found that dextrals showed a l e f t  hand superiority  in the a b i l i t y  to
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perceive a series of t a c t i le  sensations delivered to three 
fingers on each hand separately, whereas both s in is tra ls  and 
reading disabled children exhibited a smaller between hand 
difference score. More recently, Schevill (1980) conducted a 
study intended to measure differences between l e f t -  and r ig h t-  
handed children in ta c t i le  l e t t e r  decoding s k i l ls .  More spec ific ­
a l ly ,  the study was aimed at investigating the transfer of 
learning that took place when children were trained in t a c t i le  
l e t t e r  discrimination on one body location (e .g . ,  the chest area 
or the palm of the hand), and then were subsequently tested on both 
locations. Tactual-perceptual performances were evaluated in 
reading disabled dextrals and s in is tra ls  (defined more precisely  
as 'slow and severely disabled' readers). The main purpose of  
the study was to examine the e ffe c t  of handedness on b ila te ra l  
transfer and learning within children who exhib it reading d i f f i c u l t ­
ies . I t  was thought that demonstrable differences between read­
ing disabled dextrals and s in is tra ls  in the a b i l i ty  to store and 
transfer ta c t i le  skin w rit ing  images b i la te ra l ly  may re f le c t  
differences in brain organization between the two groups. In the 
f i r s t  part o f the study, b i la te ra l  transfer was studied follow­
ing extended ta c t i le  instruction on the chest area, or on the 
preferred hand. In both cases, left-handers were found to be more 
accurate naming le t te rs  delivered tactu a lly  to the untrained l e f t  
hand than in th e ir  id e n tif ic a tio n  o f stimulations delivered to 
e ith e r  the trained chest or the trained r igh t hand. For S chev ill,  
these findings suggested that s in is t ra ls ,  at least those who have
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reading-related d i f f ic u l t ie s ,  possess a d if fe ren t type of cerebral 
organization from that fo r dextrals. That is to say, since dextrals 
were able to decode le tte rs  tac tu a lly  on the chest and then trans­
fe r  the learning b i la te ra l ly ,  they must possess better spatial and 
directional s k i l ls  on that body location. On the other hand, 
since s in is tra ls  exhibited poor decoding a b i l i t y  on the trained  
body area, but were s t i l l  able to learn from the tra in in g , they must 
have been u t i l iz in g  coding processes re la ting  to the cerebral area 
subserving th e ir  l e f t  hands. In e f fe c t ,  s in is tra ls  tend to use a 
greater degree of dominant hemisphere bias in processing ta c t i le -  
verbal information. A second part of the study was intended to 
examine whether visual memory was important in interhemispheric 
transfer of information. More s p e c if ic a l ly ,  the interaction be­
tween handedness and visual memory- in both the verbal and visual 
responses to the same ta c t i le  le tte rs  was investigated. A group of 
seventy-five reading disabled children (60 r ig h t-  and 15 l e f t -  '* 
handed), and a group of fo rty  normal readers (33 dextrals , 7 
s in is tra ls )  were given extended ta c t i le  tra in ing on the nonpreferred 
hand, and then were asked to iden tify  stimulus le tte rs  w ritten  on 
both hands by oral response (ta c t i le -v e rb a l condition) or by 
visual selection (visual matching condition). The results- showed 
that within the tac tile -ve rb a l condition reading disabled s in is tra ls  
were more accurate than dextrals on the untrained preferred hand, 
whereas normal s in is tra ls  learned and stored the ta c t i le -v e rb a l  
images b i la te ra l ly .  Within the ta c t i le -v is u a l matching condition, 
i t  was found that left-handed reading disabled children with an
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adequate visual memory were more accurate on the untrained pre­
ferred hand, whereas left-handed children with reading d i f f i c u l t ­
ies and a defic ient visual memory system were poor in discrim­
inating le tte rs  with both hands. On the other hand, dextrals 
with e ith er  good or poor visual memory s k i l ls  were found to trans­
fe r  the ta c t i le -v is u a l information b i la te ra l ly .  In other words, 
left-handed children with reading problems who possess adequate 
visual memory a b i l i t ie s  tend to use the same hemispheric bias for  
verbal and visual coding strategies, whereas reading disabled 
s in is tra ls  with less than adequate visual memory s k i l ls  tend to 
use a un ila tera l bias fo r  verbal coding strateg ies , and display a 
diffuse tendency in selecting a visual code for a visual matching 
response ( i . e . ,  neither hand is accurate in responding). In 
Schev ill 's  words 'left-handed children may be p a r t ia l ly  disregard­
ing the nondominant spatial function and using a dominant bias for  
both spatial and verbal processing (p. 350).
To summarize, as in investigations o f  left-handers in 
general, studies attempting to l in k  left-handedness to cognitive 
in e ffic ien c ies  and, more s p e c if ic a l ly ,  to academic-related d i f ­
f ic u l t ie s  have not been in agreement. In order to make progress 
in understanding the relationship between handedness and learning 
problems, several issues have yet to be resolved. F irs t ,  there is 
the problem of how to determine accurately the c la s s if ica tio n  of  
s in is t r a l i t y .  In p a rt ic u la r ,  the necessity fo r delineating more 
precisely d if fe re n t types of left-handers cannot be overemphasized. 
Several studies have i l lu s tra te d  that an individual c lass if ied  as
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left-handed solely on the basis of preferred w riting hand may be 
e n tire ly  d if fe ren t from one who has been id en tif ied  as such by 
his/her performances on a number of other behavioural indices 
(Bannatype & Wichiarajote, 1969; Hardyck e t. a l , 1976; Johnstone, 
e t .  a l . ,  1979; Satz e t .  a l . ,  1967; Zu rif  & Carson, 1970). To 
complicate matters fu rther, the establishment of hand preference 
is not only dictated by various crite r io n  adopted for c lass ify ­
ing manual dexterity , but is also prone to variation as a func­
tion o f the age of the child (Belmont & Birch, 1963; Gesell &
Ames, 1947). Moreover, developmental considerations become of 
crucial importance when attempting to in terpret differences in 
cognitive performance between dextrals and s in is tra ls  (Kaufman, 
Zalma & Kaufman, 1978; Kocel, 1977, 1980).
Secondly, there is the issue of discerning in more detail 
the importance o f congruous and incongrous patterns o f  la te ra l  
preference. While acknowledging the s ign ificant advancement in 
describing the interrelationships between hand, foo t, eye and ear 
dominance already made over the past several decades (see Hecaen 
& de Ajuriaguerra, 1964 fo r a review of this to p ic ) ,  recent 
research on this issue has stimulated new thoughts concerning the 
significance of 'mixed versus pure' la te r a l i ty  dominance as well 
as identify ing the patterns of hemispheric organization that can be 
inferred from the discrepancy between preference patterns (Dean 
e t .  a l . ,  1981; Kershner, 1975; Porac e t. a l . ,  1980).
F in a lly ,  most o f the studies examining differences in 
learning patterns between l e f t -  and right-handers have dealt with
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a heterogeneous group o f children. For the most part , research 
in the area has dealt almost exclusively with reading impairment 
pex and information regarding the ch ild 's  level o f achieve­
ment in other academic-related areas ( e .g . ,  spe lling , arithm etic)  
has not been reported. Moreover, the number and types o f tasks 
used to assess reading impairment have been as diverse as the 
authors who have reported on them. The point is simply that ch ild ­
ren who have been c lassif ied  as exhibiting a learning d is a b i l i ty ,  
or even more sp ec if ica lly  a reading problem, may well be composed 
of a heterogeneous group of individuals who possess d if fe re n t  
learning styles or learning strategies.
Be that as i t  may, i t  would appear that there has been 
just enough evidence generated to buttress the claim that an 
association exists between hand preference and reading a b i l i t y  to 
warrant further investigation into the issue. Furthermore, the 
studies reviewed e a r l ie r  of lesion-produced d e f ic i ts ,  r ig h t - le f t  
perceptual asymmetries on dichotic lis ten ing  and tachistoscopic 
stimulation tasks, and the differences exhibited in cognitive per­
formance as a function of handedness provide rather convincing 
evidence that l e f t -  and right-handers may possess d if fe re n t  adaptive 
a b i l i ty  structures which, in turn, may re f le c t  d if fe re n t  patterns 
of cerebral organization.
M ultivariate  C lassification o f Learning Problems
Over the past two decades, research into the nature of  
reading retardation has posited the view that children may encounter 
d if f ic u l t ie s  in learning to read for a variety  of reasons. Thus,
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Shankweiler (1964), while stressing a visual-perceptual or 
visual organizational s k i l l  deficiency fo r  reading d is a b i l i t y ,  
acknowledged three groups of reading impaired children ("pure" 
dyslexia, dyslexia secondary to spatial and constructional d is­
a b i l i t y ,  and reading d is a b il i ty  as an expression o f language dis­
turbance) Vernon (1971) has suggested that problems in read­
ing acquisition may re f le c t  deficiencies in visual-perceptual 
processes, aud ito ry - l in g u is t ic  d e f ic i ts ,  inadequate in te l le c tu a l  
processes (including poor problem solving or conceptual reason­
ing s k i l l s ) ,  or an inadequate motivational system. Moreover, both 
Benton (1975) and Vernon (1977) have stressed the necessity of  
iden tify ing  groups of reading disabled children who may exhib it  
d if fe re n t  cognitive s k i l l  d e f ic its  rather than continuing to 
search fo r one unitary cause ( i . e . ,  some basic deficiency) fo r  
reading impairment, while Rourke, in a series o f a r t ic le s  (1978a, 
1978b, 1981a, 1981b, 1981c; but see also Rourke & Stranq, 1981d 
and Rourke & Gates, 1981e), has argued quite adamently that re ­
tarded readers are not a homogeneous group in terms of th e ir  
neuropsychological adaptive a b i l i t y  structure. In general, the main 
purpose o f  a 'subtyping' approach, o f course, is to delineate with  
more precision the sorts o f deficiencies that may account fo r a 
chi I d 1s in a b i l i t y  to acquire normal reading habits and, in turn, 
promote academic remedial programmes ta ilo re d  to the ind iv idua l's  
specific  cognitive strengths and weaknesses.
The fact that reading disabled children may constitute  
a heterogeneous population in regard to th e ir  cognitive
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in e ff ic ie n c ie s  has been the focus of attention for several invest­
igators who have employed both c l in ic a l  in fe re n tia l methods (Boder, 
1973; M attis , 1978; M attis , French & Rapin, 1975), and m ulti­
varia te  c la s s if ic a tio n  procedures (Doehring, Hoshko & Bryans,
1979; Doehring & Hoshko, 1977; Fisk & Rourke, 1979; Petrauskas & 
Rourke, 1979). In the f i r s t  of these methods, for example, Boder 
(1973) evaluated the performances of children referred to a 
c l in ic  fo r learning problems on a diagnostic screening battery  
intended to determine a ch ild 's  overall reading and spelling  
pattern ( i . e . ,  the number and kinds of errors exhibited by him/ 
her on reading and spelling tasks). Included in the battery were 
a word recognition inventory, a w ritten  spelling task, rec ita tio n  
and w rit ing  of the alphabet, and a paragraph reading task. The 
screening procedure yielded three d is t in c t iv e  patterns of reading 
and spelling that were thought to re f le c t  three subtypes of 
dyslexic children: dysphonetic dyslexia (children whose reading-
spelling pattern reflected  a primary d e f ic i t  in symbol-sound 
in te g ra t io n ) ,  dyseidetic dyslexia (children whose reading-spelling  
pattern reflec ted  a primary d e f ic i t  in the a b i l i t y  to perceive 
le t te rs  and whole words as configurations), and mixed dysphonetic- 
dyseidetic (children who were both unable to integrate symbols 
with th e ir  sounds, and perceive le t te rs  and whole words as con­
f ig u ra tio n s ).  A ll children c lass if ied  as severely retarded read­
ers exhibited one or other o f the patterns, whereas none o f these 
patterns were found among children reading at an age-expectancy or 
above le v e l .  Moreover, i t  was found that even though improvement
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was seen in level of performance of reading and spelling over the 
course of several years, the patterns of reading and spelling  
remained f a i r ly  consistent. F in a lly ,  Boder suggested that since 
the patterns represented the reading disabled ch ild 's  to ta l per­
formance in the reading and spelling tasks ( i . e . ,  his achievements 
as well as characteristic  e rro rs ) ,  the patterns had important 
prognostic and therapeutic implications.
In an attempt to iso la te  the clusters of cognitive  
deficiencies thought to l im i t  the acquisition of reading s k i l l ,
Mattis e t .  a l . ( 1975)evaluated c l in ic a l ly  the performances fo r  
three groups o f  children (brain damaged with no dyslexia; brain 
damaged with dyslexia; neurologically in tac t with dyslexia) on an 
extensive battery of neuropsychological tes ts . Based on the specific  
patterns of d e f ic its  exhibited on the tes ting , three d if fe re n t  
’ 'syndromes' or subgroups o f  reading disabled children were ident- * 
i f ie d  that accounted fo r  90% of the dyslexic children. These in ­
cluded a language disorder subtype (children who presented with an 
anomia and disorders o f comprehension, im ita tiv e  speech, and 
speech sound d iscrim ination ), an a rt ic u la to ry  and graphomotor 
dysco-ordination group (children who exhibited an assortment o f  
gross, or f ine motor coordination disorders, including a buccal-  
lingual dyspraxia with resultant poor speech and graphomotor 
dyscoordination), and a visuoperceptual d e f ic i t  subtype (children  
who exhibited poor constructional a b i l i t y  and poor visual discrim­
ination s k i l l s ) .  The authors argued that the results o f  the 
study supported the view that dyslexia may be the resu lt  o f m ultip le
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independent cognitive deficiencies rather than from a single  
causal defect. A cross validation study recently conducted by 
Mattis (1978) isolated the same three dyslexic syndromes, although 
the percentage o f  children presenting each syndrome and the to ta l  
number of children accounted fo r by these syndromes d iffered  from 
that found in the i n i t i a l  study. For the e a r l ie r  study (Mattis  
e t .  a l . ,  1975), 39% of the dyslexic children presented the lang­
uage disorder syndrome, 37% the a rt ic u la to ry  and graphomotor 
dysco-ordination syndrome, and 16% the visual-perceptual disorder. 
The comparable percentages in the more recent study (M attis , 1978) 
were 63, 10 and 5% respectively.
The application of m u ltivaria te  s ta t is t ic a l  c la s s if ic a ­
tion techniques have provided another source for delineating sub­
groups of reading disabled children. Recently, for example, 
Doehring & Hoshko (1977) attempted to s t a t is t ic a l ly  c lass ify  read­
ing problems by the use o f the Q-technique o f factor analysis. 
Thirty-one tests o f reading-related s k i l ls  were administered to 
two somewhat d if fe re n t  groups o f children with reading problems: 
Group R, composed o f children in a summer programme for reading 
problems, and; Group M, composed o f children in a summer programme 
fo r  learning disorders, or in public school special classes fo r  
children with learning disorders, language disorders and mental 
retardation. Application o f the s ta t is t ic a l  p ro f i le  analysis meth­
od to each group revealed that children could be c la ss if ied  into  
subgroups which represented d if fe re n t  patterns of reading d e f ic i ts .  
For Group R, three subgroups were generated: one was characterized
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by slow oral word reading, a second by slow auditory-visual 
l e t t e r  matching, and a th ird  by slow auditory-visual association 
o f words and sy llab les . For the Group M children, the s ta t is t ic a l  
c la s s if ic a tio n  procedure id e n t i f ie d  two subgroups that were very 
s im ila r  to the la s t  two subgroups generated for the Group R 
children, and a th ird  subtype that was characterized by slow 
visual matching.
In another study employing the Q-technique o f factor  
analysis, Petrauskas & Rourke (1979) attempted to id e n tify  sub- 
types o f reading-disabled children based on th e ir  d i f fe re n t ia l  
patterns of performance on a battery of neuropsychological measures 
A to ta l o f  160 children (133 retarded readers, 27 normal readers) 
between the ages of 84 and 107 months were randomly divided into  
two subsamples with normal readers equally represented in each 
group. Both subsamples were then subjected to the facto r analytic  
procedure (a to ta l o f twenty measures were selected fo r  s ta t is t ic a l  
treatment) separately as well as factor analysis o f  the to ta l pop­
u la tion . The results o f the Q factor analyses revealed that six  
factors were generated fo r  each o f the data groups, and that three  
o f the factors were quite re l ia b le  (based on high corre lation  co­
e f f ic ie n ts  calculated between the factors as well as a high degree 
of visual s im ila r ity  observed between the plotted fac to r  p ro f i le s ) .  
The p ro f i le  for the f i r s t  type revealed good performance on visual 
s p a t ia l ,  eye-hand coordination, tactile -percep tua l and some problem 
solving tasks, whereas deficiencies were exhibited on several audi­
tory-verbal and language-related tasks. The p ro f i le  fo r  the second 
type was characterized by a combination o f verbal and psycho-
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l in g u is t ic ,  sequencing, and t a c t i le  f inger lo c a liza tio n  d e f ic i ts .  
Children in the th ird  type exhibited deficiencies prim arily  on 
tasks involving the generating o f verbal information and verbal 
coding. F in a lly ,  a fourth type, that fa i le d  to emerge re l ia b ly  
from the c la s s if ic a tio n  procedure, was composed mostly-of normal 
readers.
In a related study, Fisk & Rourke (1979) analyzed the 
performances of learning disabled children at three d if fe re n t  age 
levels (9-10 years, 11-12 years, 13-14 years) on a broad range 
of neuropsychological measures by means o f the Q-type m ultivaria te  
c la s s if ic a tio n  procedure. The main purposes o f the study were to 
define subtypes o f learning disabled children at each o f the age 
le v e ls , and to determine whether some of the subtypes would be 
replicated from one age level to another. Separate factor analyses 
were calculated fo r each age-based sample, and then the factor pro­
f i le s  generated at each age level were compared by correlational 
analyses and by visual inspection o f  the s im ila r i ty  of the plotted  
factor p ro files  to id e n tify  rep licated subtypes. The results  
revealed three subtypes, two of which were rep licated  across three 
of the age levels and one that was rep licated across two of the 
age levels ( i . e . ,  11-12 years, 13-14 years). The f i r s t  sub-
type exhibited deficiencies on some auditory-verbal and language- 
related tasks, some finger dysgraphesthesia, and pronounced finger  
agnosia. The second subtype exhibited deficiencies prim arily  on 
auditory-verbal and psycholinguistic tasks (involving mostly 
phoneme-grapheme matching and sound blending). The f in a l subtype 
also exhibited d e f ic its  on some auditory-verbal tasks, and marked
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finger dysgraphesthesia. The authors concluded that learning  
disabled children indeed appear to constitute a heterogeneous 
group in terms of th e ir  neuropsychological adaptive a b i l i t y  
structure, and that cognitive deficiencies seen at one age during 
the l i f e  span may persist across several developmental periods, 
although the cross-sectional nature of the study made in te rp re t ­
ations regarding developmental trends somewhat guarded.
A f in a l study i l lu s t ra t in g  the application of m ulti­
varia te  s ta t is t ic a l  c la s s if ica tio n  procedures to determine sub- 
types of reading disabled children was conducted by Doehring e t .  
a l . (1979). The study had two parts: f i r s t ,  the Q-type factor
analytic  procedure was applied to a combined group o f retarded and 
normal readers in an attempt to id e n tify  subtypes o f  reading prob­
lems, and secondly, the s t a b i l i ty  of the Q-technique was investigat­
ed by determining the subtypes that would be generated fo r  the 
same children by means o f another s ta t is t ic a l  c la s s if ic a tio n  proce­
dure (c lu s ter  analysis). For the f i r s t  part o f  the study, the 
results o f the Q-technique revealed the same three subtypes o f  
reading problems that were reported on in an e a r l ie r  study by 
Doehring & Hoshko (1977). That is to say, the f i r s t  subtype 
exhibited poor oral reading of s y llab les , words and sentences, 
the second subtype exhibited slow matching o f spoken and w ritten  
le t te r s ,  and the th ird  subtype exhibited poor matching of w ritten  
syllables and words. For the second part o f the study, several 
cluster analytic  procedures were employed that represented the 
u t i l iz a t io n  o f  d if fe re n t  types o f distance-function indices
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( i . e . ,  squared Euclidean distance coeffic ients or shape d i f ­
ference c o e ff ic ie n ts ) .  In general, the results showed that the 
subtypes generated with the Q-type factor analytic  procedure also 
emerged when the same data was treated to several c luster analytic  
c lass if ic a tio n  procedures, with one part icu la r  c luster method 
( i . e . ,  McQuitty's) demonstrating a remarkably high degree o f con- 
gru ity  with the Q-technique in the sorts of subtypes id e n t i f ie d .
The authors emphasized that the results of the c luster analysis 
buttressed the application o f s ta t is t ic a l  c la s s if ic a tio n  proced­
ures in delineating d if fe re n t  cognitive d e f ic its  associated with 
reading impairment.
Summary and Statement of Problem
Several perspectives on the origin o f s in is t r a l i t y  and 
the relationship between handedness and cortica l organization  
have been reviewed. To recap itu la te , the studies o f lesion-  
produced d e f ic i ts ,  r ig h t - le f t  perceptual asymmetries, and cogni­
t iv e  performance differences reported in the l i te r a tu re  have 
implied that patterns of hemispheric specia lization vary more 
among s in is tra ls  that among dextrals . In the case o f  the la te r a l ­
iza tio n  of language functions, fo r example, nearly a l l  r ig h t -  
handed individuals are thought to possess l e f t  hemispheric language 
dominance, whereas left-handers may exhib it l e f t  hemispheric, 
r ig h t  hemispheric, or some degree of b i la t e r a l i t y  language repre­
sentation. Other cognitive a b i l i t ie s  may be organized d i f fe re n t ly  
in the cerebral hemispheres o f s in is tra ls  as w e ll ,  although the 
evidence to support such an assertion has been much less convincing
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I t  has also been suggested by several authors that l e f t ­
handers may not constitute a homogeneous group, but may d i f f e r  
amongst themselves concerning patterns o f hemispheric organiza­
t io n . Some of the variables thought to d i f fe re n t ia te  between 
s in is tra ls  have included hand posture during w r it in g , in tens ity  
of left-handedness, and fam ilia l history o f s in is t r a l i t y .  Thus, 
i t  is the left-hander with a normal w rit ing  posture, or with an 
almost complete s in is tra l  hand preference tendency, or with a 
family history o f s in is t r a l i t y  who is most l ik e ly  to exh ib it  an 
anomalous type o f cerebral organization.
'Emerging from the investigations into the types of a b i l i t y  
differences fo r  left-handed individuals is the claim that s in is t r a l ­
i t y  is related to a variety  of behavioural d e f ic i ts .  Several 
investigators have argued for an association between handedness and 
language problems, in te l le c tu a l defic iency, and academic-related 
d i f f ic u l t ie s .  The la s t  o f these has dealt mostly with the perform­
ances o f  children with reading impairment in p a r t ic u la r .  Most 
studies attempting to l in k  s in is t r a l i t y  and reading d is a b i l i ty  have 
generated con flic t ing  resu lts . At the same time, studies dealing 
s p e c if ic a l ly  with t a c t i le  discrimination s k i l ls  in reading im­
paired children appear to o f fe r  some rather convincing evidence 
that left-handed children may be processing information in a 
manner d if fe re n t  from th e ir  right-handed age-mates.
F in a lly ,  the application o f m u ltivar ia te  s ta t is t ic a l  classi 
f ic a t io n  procedures appear to provide a precise method fo r  id e n t i ­
fying and describing suhgroups of learning disabled children. In 
p a r t ic u la r ,  both Q-type factor analysis as well as several c luster
—  —
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analytic  procedures have been found to iso late  subtypes of read­
ing problems in a re l ia b le  fashion. I t  is c lear that a re l ia b le  
taxonomy o f reading and other learning d is a b i l i t ie s  could o f fe r  
p o ten tia lly  useful information regarding remedial management of  
such children. At the same time, most of the 'subtyping' resarch 
reported on in the l i te ra tu re  has investigated adaptive s k i l l  
deficiencies associated with adademic retardation in the n lg h t-  
handdd learning disabled child . In turn, these adaptive s k i l l  
d e f ic its  are thought to be related to specific  patterns o f cerebral 
organization and re f le c t  areas of compromised brain functioning.
A c la r i f ic a t io n  and d if fe re n t ia t io n  o f the q u a lity  of cognitive  
impairment associated with learning d is a b i l i t ie s  in the 
hand2.d child appears especially warranted, p a r t ic u la r ly  in l ig h t  
of some rather convincing documented evidence to buttress the notion 
that left-handed individuals are more apt to e xh ib it  an anomalous 
type o f cerebral organization ( i . e . ,  one that is less c learly  
la te ra l iz e d  than that seen in the right-handed ind iv idua l.
The purpose of the present study, therefore , was to 
iso la te  and define subgroups of left-handed learning disabled 
children. The performances o f a group o f s in is tra ls  on a compre­
hensive battery o f  neuropsychological measures that included an 
assessment o f hand preference patterns were analyzed by means of  
m ultivaria te  s ta t is t ic a l  c la s s if ica tio n  methods. The measures 
chosen fo r  study were essentia lly  the same as those selected by 
Fisk & Rourke (1979) in th e ir  study of right-handed learning dis­
abled children, and included tasks of a aud ito ry -verba l, sequencing,
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visual-perceptual, ta c t i le -p e rc e p tu a l,  simple and more complex
/
psychomotor, and conceptual reasoning nature. The rationale  fo r  
selecting tasks within these neuropsychological s k i l l  areas 
was twofold: (1) there is documented evidence that the measures
r e f le c t  behavioural functions that are thought to be subserved 
by various cortica l systems and, in turn, are s in s it iv e  to cerebral 
dysfunction (Reitan, 1966; Reitan & Davidson, 1974; Rourke, 1975), 
and (2) the measures are thought to r e f le c t  the nature of an 
ind iv idua l's  adaptive a b i l i t y  structure by providing information 
regarding areas o f cognitive strength and weakness. Moreover, 
adopting tasks identical to those u t i l iz e d  by Fisk & Rourke (1979) 
enabled comparisons to be made of performance differences between 
l e f t -  and right-handed learning disabled children.
Expectations
The intended application of m ultivaria te  c la s s if ic a tio n  
methods in the current study was viewed w ithin an exploratory con­
te x t .  That is  to say, the Q-technique o f factor analysis as well 
as three c luster analytic  procedures ( i . e . ,  average linkage, 
centroid sorting, i te ra t iv e  relocation) were used to analyze the 
performance measurements collected on a large number of children  
with the aim o f discovering groups (or 'c lu s te rs ')  which would 
appear to belong together based on p a r t ic u la r  characteristics  of  
the data set (E v e r i t t ,  1974; Maxwell, 1977; Wishart, 1978).
The objective o f the analysis was to see whether some under­
ly ing patterns of relationships ex is t w ithin the data, with a 
view to the disclosure of subtypes of left-handed learning disabled 
children.
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Although the generating of specific  hypotheses was 
considered to be rather d i f f i c u l t ,  the evidence that has been 
reviewed concerning the relationship between preferred handed­
ness and patterns of hemispheric specia lization  did suggest that  
certain  predictions may be advanced regarding the id e n tif ic a t io n  
of subgroups o f left-handed disabled children. The following 
were a number of tentative  expectations:
(1) F ir s t ,  i f  the brain of the s in is t ra l  is less c learly  
la te ra l iz e d  than that of the d e x tra l , then i t  was expected that 
the number and type o f cognitive d e f ic its  associated with learning 
d is a b i l i ty  in the left-handed individual would be d if fe re n t  from 
that seen in the right-handed child (Hypothesis 1).
(2) Secondly, i f  the variable o f fa m il ia l  handedness is 
indeed a relevant factor in distinguishing between s in is tra ls  with 
d if fe re n t  patterns of hemispheric sp ec ia liza tio n , then the sub- 
types generated from the left-handed learning disabled should 
r e f le c t  the presence or absence of left-handedness in the biological 
re la tives  o f the group members (Hypothesis 2 ) .  Moreover, one may 
expect that cerebral la te r a l i ty  is affected by s in is t ra l  tendencies 
w ithin the family o f a right-handed person as w e ll.
(3) T h ird ly , i f  variation in cognitive organization in the 
s in is t ra l  were influenced by the in tens ity  of left-handedness, then 
one might expect that the derived subgroups should manifest d i f f e r ­
ent measureable variations in the consistency and degree of  
left-handed preference (Hypothesis 3). In th is  regard, i t  has 
become increasingly c lear that a d is tinc tion  must be made between
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hand pM.e.^eAmc.o. and hand pfto ^ la lz n a ij, Any attempt to id e n tify  
subtypes o f  left-handers solely on the basis of preferred w riting  
hand may be misleading. Discrete groups of s in is tra ls  may only 
be uncovered by viewing the consistency of hand usage across a 
varie ty  of behavioural tasks involving speed, strength, and 
manual dexterity .
F in a lly ,  in regard to the issue of the subtyping of learn­
ing disabled children, i t  was expected that the subgroups generated 
by means o f one m ultivaria te  s ta t is t ic a l  procedure should be able 
to be detected through the application of several other c la s s i­
f ic a t io n  methods as w e ll.  Indeed, th is could only serve to buttress  
the claim that learning disabled children constitute a heterogen­
eous population in regard to the number and type of cognitive  
deficiencies they possess.
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CHAPTER I I
METHOD
Subjects
A to ta l  of 322 children were drawn from a population 
pool o f over 3500 individuals who were referred to a large, urban 
children 's  c l in ic  fo r  a comprehensive neuropsychological evalua­
t io n . The complete battery of neuropsychologic measures were 
administered in a standardized manner by a trained psychometrist.
The reasons fo r  selecting the target population in th is  manner were 
twofold: (1) since the administration and scoring o f the test
battery required approximately eight hours per c h ild , an unreason­
able amount o f time would have been needed in order to co llec t the 
necessary data on the rather large number of subjects u t i l iz e d  in 
the present study, and (2) i t  was f e l t  that the monetary costs 
required to c o lle c t  the data by any other means would have been 
substan tia l, and thus, would have posed severe lim ita tions on the 
size o f the ta rget sample. Most o f  the children selected fo r  
study were referred to the c l in ic  because they were thought to be 
suffering from some type o f  learning, behavioural, or "perceptual" 
handicap to which i t  was believed that cerebral dysfunction might 
be a contributing facto r.
58
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In drawing the sample fo r  study, a l l  subjects had to 
be between the chronological ages of 108 to 179 months, and 
must have exhibited an In te lligence  Quotient in the range of 
85 to 115 on one standard measure of psychometric in te ll ig e n ce ,  
i . e . ,  Wechsler In te lligence  Scale fo r  Children (Wechsler,
1949). Moreover, subjects were excluded i f  they fa ile d  to 
meet any one of the following selection c r ite r io n :  (1) exhib i­
ted a greater than 25 decibel hearing loss with e ith er  ear- 
w ith in  the frequency range of 500 to 4000 Hz. on a standard­
ized Sweep Hearing Test, (2) medical evidence existed of a 
visual anomaly, (3) were judged by a professional to be in 
need of some form of psychotherapeutic intervention, or the 
in te rp re ta tio n  of the neuropsychological tes t findings sug­
gested the strong p o s s ib il i ty  of a socio-emotional d is tu r­
bance, (4) spoke a primary language other than English in the 
home environment, or (5) there was rather convincing evidence 
of the presence of compromising environmental influences 
( e .g . ,  inadequate food, she lte r , c lothing, and/or s tim ulation). 
Information pertaining to points ( 2 ) ,  ( 3 ) ,  and (5) above 
were obtained from past medical and social h is to r ie s , while 
d e ta ils  regarding point (4) were derived from the results of 
a questionnaire the parents were requested to complete (see 
Appendix A).
As part of the assessment procedure, the subjects 
were administered the Harris Tests of Lateral Dominance
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(H a rr is , 1947). Included on this inventory are a series of 
questions regarding preferred hand usage for the following  
seven manipulative tasks: throwing a b a l l ,  hammering a n a i l ,
cutting with a kn ife , turning a door knob, using a scissors, 
using an eraser, and name-writing. I n i t i a l l y ,  a l l  subjects 
were c lass if ied  as r ig h t -  or left-handed on the basis of 
choice of w riting  hand. Thus, of the to ta l 322 subjects, one- 
h a lf  (161) reported a left-handed name w rit ing  preference, 
whereas the remaining h a lf  (161) claimed to engage th e ir  r ig h t  
hand fo r  the w riting  of th e ir  name. Moreover, of the to ta l  
161 left-handed w rite rs ,  86 were found to use th e ir  l e f t  hand 
on a l l  seven of the Harris Inventory items, whereas the re ­
maining 75 reported a tendency to use th e ir  r ig h t  hand on 
one or more of the remaining questionnaire items. A more 
detailed account of the various hand preference patterns fo r  
the group o f left-handed children is provided in Table 1. 
Right-handed w r ite rs ,  on the other hand, were composed almost 
e n t ire ly  (n=151) of individuals who reported the use of th e ir  
r ig h t  hand solely fo r  the inventory items.
One of the main reasons fo r  the inclusion o f a 
group of right-handed children in th is study, apart from 
identify ing  differences tha t may ex is t between s in is t ra l  and 
dextral subtype p ro f i le s ,  was to act as a control fo r  the 
effects  of a positive and negative fa m il ia l  s in is t r a l i t y  h is ­
tory , That is to say, i t  was f e l t  that i f  the variab le of  
fa m il ia l  handedness poji 4c was an important component in being
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TABLE 1
Harris Inventory Hand Preference Patterns 
fo r  the Group of Left-Handed Children
L-R Pattern n % Sample
7-0 86 53%
6-1 24 15%
5-2 17 11%
4-3 8 5%
3-4 6 4%
2-5 8 5%
1-6 .12 7%
TOTALS 161 100%
N.B. L = Left Hand 
R = Right Hand
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able to distinguish between individuals with d if fe re n t  patterns 
of hemispheric spec ia liza tion , then i t  might be expected that  
the subtypes generated fo r  the sample o f learning disabled 
children should re f le c t  the presence or absence of s in is tra l  
tendencies w ithin an ind iv idua l's  biological family members, 
irrespective  of the ind iv idua l's  preferred handedness. The 
l e f t -  and right-handed groups were matched with regard to age 
dis tributions  ( i . e . ,  there were 75 9-10 year olds, 56 11-12 
year olds, and 30 13-14 year olds in each group), and a break­
down of the fa m il ia l  handedness component revealed that 65 
l e f t -  and 64 right-handed children reported the presence of 
l e f t  handedness within the fam ily , whereas 75 s in is tra ls  and 
92 dextrals reported the absence of s in is t r a l i t y  tendencies 
among family members. Data was missing on the remaining 21 
l e f t -  and 5 right-handers. A more precise count of which fam­
i l y  members were reported to ex h ib it  s in is tra l  tendencies is 
provided in Table 2. Information pertaining to the handed­
ness of fami ly  members was derived from the same parent ques­
tionnaire  referred to e a r l ie r  (see Appendix A). Thus, c h i l ­
dren who reported the presence of a t least one immediate fam­
i l y  member ( i . e . ,  mother, fa th e r , s ib lin g ) as being l e f t -  
handed constituted the positive fa m il ia l  s in is t r a l i t y  condi­
t io n ,  whereas children who reported no immediate biological 
family members as being left-handed constituted the negative 
fa m il ia l  s in is t r a l i t y  condition.
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TABLE 2
C lass ifica tio n  of S in is tra l  Family Members fo r  the 
L e ft -  and Right-Handed Samples
Family Member
Left-
n
Sample
-Handers 
% Sample
Right-Handers 
n % Sample
Sibling Only 39 60% 42 65%
Father Only 9 14% 8 13%
Mother Only 6 9% 7 11%
Father and Mother 4 6% 0 0%
Mother and S ib ling 4 6% 4 6%
Father and S ib ling 3 5% 3 5%
Total N 65 100% 64 100%
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Table 3 presents the composition of subjects as well 
as the descriptive s ta t is t ic s  fo r  age, sex, and WISC Full 
Scale IQ. As can be see from Table 3, left-han.ders were com­
prised of 136 males and 25 females, whereas there were 134 
male and 27 female right-handers. Moreover, i t  was c lear that  
the groups were closely matched with regard to mean age and 
mean WISC Full Scale IQ.
One f in a l note. Also l is te d  on Table 3 are the 
mean Wide Range Achievement Test (WRAT; Jastak & Jastak, 1965) 
Reading, Spelling, and Arithmetic c e n tile  scores fo r  each 
handedness sample. Even though no specific  WRAT "cutoffs" 
were u t i l iz e d  in the selection of subjects, i t  was clear that  
the groups were closely equated on this basis as w e ll .  More­
over, Table 4 presents a more detailed account of the various 
WRAT subtest performance patterns fo r each handedness sample. 
B r ie f ly ,  left-handers were composed of 147 subjects who had 
obtained at least one WRAT ce n tile  score of 30 or below, and 
14 individuals with Reading, Spelling , and Arithmetic scores 
a l l  above the 30th c e n t i le .  Of the right-handed sample, 
there were 148 and 13 who met the above c r i te r io n ,  respectively. 
Test Measures
Included among the tests that compile the compre­
hensive neuropsychological te s t  battery were forty-two  
measures presumably thought,to represent various adaptive 
s k i l l  areas as outlined by Reitan (1974). These s k i l l  areas
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TABLE 3
Chronological Age, Sex, WISC Full Scale IQ and 
WRAT Reading, Spelling , and Arithmetic Centile Specifications  
fo r  Left-Handed and Right-Handed Samples
Left-Handers Right-Handers
Sex Composition
Males 136 134
Females 25 27
Total 161 161
Age (In  yeans)
Mean 11.45 11.28
SD 1.60 ■ 1.48
Range 9.03 -  14.98 9.06 -  14.06
WISC F a l l  S ea le  10 -
Mean 97.81 98.73
SD 7.47 7.76
Range 85.00 -  115.00 85.00 -  115.00
WRAT C e n tile
Readi ng 27.09 25.13
SD 26.20 23.40
Spelling 17.63 16.33
SD 19.10 11.72
Ari thmeti c 16.33 20.01
SD 11.72 12.95
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TABLE 4
WRAT Subtest Performance Patterns fo r  
Left-Handed and Right-Handed Samples
Samples
Pattern Left-Handed Right-Handed
R, S, A <  30 99 99
R, S <  30 13 7
S, A <  30 16 15
R, A <  30 0 2
R <  30 2 1
S <  30 4 3
A <  30 13 21
R, S, A >  30 14 13
Total N 161 161
N.B. R, S, and A re fe r  to the Reading, Spelling and 
Arithmetic Subtests o f the WRAT, respectively. 
The 30 represents the 30th c e n t i le .
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included: (1) tactile -perceptua l and ta c t i le -k in e s th e t ic  a b i l ­
i t i e s ,  (2) visual-motor, visual-perceptual and v isua l-spatia l  
s k i l l s ,  (3) sequential processing a b i l i t i e s ,  (4) auditory- 
perceptual and language-related a b i l i t i e s ,  (5) simple motor 
and psychomotor s k i l l s ,  and (6) conceptual reasoning and 
non-verbal problem-solving c a p a b il it ie s .  A l is t in g  of the 
te s t  measures categorized into th e ir  respective s k i l l  areas 
is provided in Table 5. The sorting of tests into these par­
t ic u la r  areas of neuropsychological functioning was based 
p rim arily  on face v a l id i ty .  At the same time, these c lass i­
f ica tio n s  were found to e xh ib it  a reasonably high degree of  
congruity with the categorization o f performance measures 
generated by a preliminary R-type fac to r  analysis conducted 
on the tes t battery (Gates, Note l ) .  By way of comparison, the 
R-type factor analytic  c la s s if ic a tio n  procedure (conducted on 
children in the age range o f 9 to 12 years) isolated seven in terp re ­
table  factors: a perceptual organizational and non-verbal
problem-solving fa c to r , a verbal comprehension fa c to r , a 
sequential processing or code-guided behaviour fa c to r ,  a 
speech-sounds fa c to r , an immediate verbal memory fac to r, a 
simple motor fa c to r , and a complex motor facto r.
Included within each of the six adaptive s k i l l  
areas outlined by Reitan were the following performance 
measures:
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TABLE 5
List of Dependent Test Measures Grouped 
Into Adaptive Skill Areas
Test Measures Skill Area
1. Tactile Imperception and Suppression-Right Hand (TACR)
2. Tactile Imperception and Suppression-Left Hand (TACL)
*  3. Tactile Finger Recognition-Right Hand (FAGNR)
4. Tactile Finger Recognition-Left Hand (FAGNL)
*  5. Fingertip Number Writing-Right Hand (FTWR)
6. Fingertip Number Writing-Left Hand (FTWL)
7. Tactile Coin Recognition-Right Hand (ASTR)
8. Tactile Coin Recognition-Left Hand (ASTL)
*  9. Tactual Performance Test-Right Hand (TPTDT)
*10. Tactual Performance Test-Left Hand (TPTNDT)
11. Tactual Performance Test-Both Hands (TPTBT)
*12. WISC Picture Completion Subtest (PICCOM)
13. WISC Picture Arrangement Subtest (PICARR)
*14. WISC Block Design Subtest (BLKDES)
*15. WISC Object Assembly Subtest (OBJASS)
16. Visual Imperception and Suppression-Right Hand (VISR)
17. Visual Imperception and Suppression-Left Hand (VISL)
*18. Target Test (TARGET)
Tacti
Tacti
Tacti
Tacti
Tacti
Tacti
Tacti
Tacti
Tacti
Tacti
Tacti
Visua
Vidua
Visua
Visua
Visua
Visua
Visua
e-Perceptual 
e-Perceptual 
e Perceptual 
e-Perceptual 
e-Perceptual 
e-Perceptual 
e-Perceptual 
e-Perceptual 
e-Perceptual 
e-Perceptual 
e-Perceptual
-Perceptual
-Perceptual
-Perceptual
-Perceptual
-Perceptual
-Perceptual
-Perceptual cnco
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TABLE 5 (cont'd)
Test Measures Skill Area
*19. WISC Arithmetic Subtest (ARITH) Sequential Processing
*20. WISC Digit Span Subtest (DIGITS) Sequential Processing
*21. WISC Coding Subtest (COOING) Sequential Processing
*22. WISC Information Subtest (INFO) Audi tory-Perceptual
*23. WISC Comprehension Subtest (COT) Auditory-Perceptual
24. WISC Sim ilarities Subtest (SIMIL) Audi tory-Perceptual
25. WISC Vocabulary Subt'est (VOCAB) Auditory-Perceptual
26. Peabody Picture Vocabulary Test (PPVTIQ) Audi tory-Perceptual
27. Auditory Imperception and Suppression-Right Hand (AUDR) Audi tory-Perceptual
28. Auditory Imperception and Suppression-Left Hand (AUDL) Audi tory-Perceptual
*29. Speech-Sounds Perception (SSPER) Auditory Perceptual
*30. Auditory Closure (AUDCLO) Audi tory-Perceptual
31. Sentence Memory (SENMEM) Audi tory-Perceptual
32. Verbal Fluency (VFLU) Audi tory-Perceptual
*33. Finger Oscillation-Right Hand (TAPR) Motor
*34. Finger Oscillation-Left Hand (TAPL) Motor
35. Foot Tapping-Right Foot (FTAPR) Motor
36. Foot Tapping-Left Foot (FTAPL) Motor
Ol
VO
TABLE 5 (cont'd)
Test Measures Skill Area
37. Grip Strength-Right Hand (GRIPR) Motor
38. Grip Strength-Left Hand (GRIPL) Motor
*39. Grooved Pegboard-Right Hand (PEGSRT) Motor
*40. Grooved Pegboard-Left Hand (PEGSLT) Motor
*41. Category Test (CATTOT) Conceptual Reasoning
*42. Trails B Test (TRSBT) Conceptual Reasoning
*  Denotes dependent measures used in data analyses treatment.
71
(1) Tactile-perceptual and ta c t i le -k in e s th e t ic  s k i l ls  
T a c tile  Imperception and Suppression Test; T ac tile
Finger Recognition Test; Fingertip Number-Writing Perception 
Test; Coin Recognition Test; Tactual Performance Test (Reitan 
& Davidson, 1974).
(2) Visual-motor, v isual-perceptual, and v isua l-spatia l  
a b i l i t ie s
The Picture Completion, Picture Arrangement, Block 
Design and Object Assembly subtests of the WISC (Wechsler, 1949); 
Visual Imperception and Suppression Test; Target Test (Reitan, 1969).
(3) Sequential processing a b i l i t ie s
The arithm etic , D ig it  Span, and Coding subtests of the 
WISC (Wechsler, 1949).
(4) Auditory-perceptual, auditory-verbal and language-related 
a b i l i t ie s
The Information, Comprehension, S im ila r it ie s  and Vocabulary 
subtests o f the WISC (Wechsler, 1949); Peabody Picture Vocabulary 
Test (Dunn, 1965); Auditory Imperception and Suppression Test; 
Halstead Speech-Sounds Perception Test as modified fo r  use with 
younger children by Reitan (Reitan & Davidson, 1974); Auditory 
Closure Test (Kass, 1964); Sentence Memory Test (Benton, 1965);
Verbal Fluency Test (Strong).
(.5) Simple motor and pSychombtor S k il ls
The Finger O sc illa tion  Test; Foot-Tapping Test; Grip 
Strength Test; Grooved Pegboard Test (Reitan & Davidson, 1974).
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(6) Conceptual reasoning and non-verbal problem-solving 
capab ilit ies
The Category Test; T ra ils  B Test (Reitan & Davidson, 1974). 
A more comprehensive description o f  each of these 
measures is provided in Appendix B.
Procedure
Of the forty-two dependent measures l is te d  in Table 5, twenty- 
one (those denoted by an asterisk next to the variable name) were 
selected for data analyses treatment. As mentioned previously, 
these test measures comprise the same ones Used by Fisk & Rourke 
(1979) in th e ir  study of right-handed learning disabled children.
The main purpose fo r  selecting identica l dependent measurements was 
to enable more d irec t comparisons to be made o f performance d i f f e r ­
ences between l e f t -  and right-handed learning disabled children  
( i . e . ,  do the same 'subtypes' o f cognitive deficiencies e x is t  for  
learning disabled children irrespective o f  handedness?). At the 
same time, these twenty-one variables were compared against those 
selected by means of a Pearson product moment corre lational analysis 
(SAS Procedure CORR; Helwig & Council, 1979) conducted on the pool 
o f forty-two te s t  measures. The c r i t e r ia  fo r  selecting variables by 
a correlational analysis technique have been outlined in Fisk & 
Rourke (1979) and included the following: (a) selected variables
were to represent the lowest possible in te rcorre la tions  between tes t  
measures within each adaptive s k i l l  area, (b) the number o f te s t  
measures selected were to be approximately the same within each 
adaptive s k i l l  area, and (c) selected variables were to re f le c t  a 
reasonably high degree o f c l in ic a l  explanatory p o ten tia l.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
73
Discussion on the s ta t is t ic a l  treatment o f  the data is  
conducted in three phases. The f i r s t  phase includes a description  
o f the steps involved in the application o f the Q technique o f  
fac to r  analysis to the left-handed and right-handed groups of  
children independently. In the second phase, the steps involved in 
the application o f  d if fe re n t  c luster analytic  c lass if ica tio n  
procedures to the two target samples is outlined. B r ie f ly ,  two 
hierarchical agglomerative algorithms ( i . e . ,  average linkage, cen­
tro id  sorting) combined with a i te r a t iv e  relocation procedure were 
u t i l iz e d  in the treatment of the data. F in a lly ,  phase I I I  describes 
the s ta t is t ic a l  analyses used to compare the composition o f  subgroups 
generated by the m ultivaria te  qu antita tive  taxonomic procedures 
across such variables as in tens ity  of s in is tra l  preference or pro­
fic iency, and history of fa m ilia l  handedness.
Q Technique of Factor Analysis'
For the purpose o f  enabling comparisons to be made between 
the many d if fe re n t  tes t measures, raw scores collected on each o f  
the dependent measures-were converted to T scores based on a fund 
o f normative data supplied by Wechsler (1949), Knights & Moule 
(1967) and Knights (1970). The transformed T score d is tr ib u tion  was 
based on a mean of 50 and a standard deviation o f 10.
B r ie f ly ,  the £  type fac to r  analytic  procedure involves the 
following computational format: preparation o f the correlation
m atrix , extraction o f  the i n i t i a l  fac to rs , and rotation to a terminal 
solution (N ie, Bent, & H u ll ,  1970; Law!is & C hatfie ld , 1974). As a 
basic input to the factor analysis, T scores were transposed and
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product moment correlation coeffic ien ts  were calculated between 
each p a ir  o f subjects in the target sample. Next, fac to r  analysis 
was applied to the correlational matrix using an iterated;'principal 
axis solution (communality estimates based on 1.00 in the diagonals 
i n i t i a l l y ) .  The purpose o f th is stage was to explain the in te r ­
relationships existing in the data by means o f a minimum number of 
common factors or components. To achieve simpler, and hopefully, 
th e o re t ic a lly  more meaningful facto r patterns, the i n i t i a l  extracted  
factors that yielded eigenvalues greater >than or equal to the ra t io  
o f number o f  subjects/number o f variables were then retained and 
rotated orthogonally to varimax c r ite r io n  (SAS PROC FACTOR, Method = 
P r in i t ;  Helwig & Council, 1979).
The decision was made to re ta in  subjects who exhibited a 
single factor loading o f  .50 or greater, mainly because th is  c r i te r io n  
was adopted both by Fisk & Rourke (1979) and by Doehring and his 
associates (1979). At the same time, since the fac to r loading is 
ind icative  o f  the correlation c o e ff ic ie n t between subject and 
fac to r (Lawlis & C hatfie ld , 1974), a value o f  .50 would seem to rep­
resent a moderately strong degree o f association between the two.
Thus, children were assigned to each subtype in terms of the facto r  
fo r  which they showed the highest fac to r  loading above .50. For each 
group of individuals who constituted a subtype, T score means for  
the twenty-one variables used in the fac to r  analysis were calculated. 
These values were then plotted to enable graphical presentation o f  
the factors or 'subtypes' determined by the facto r ana ly tic  procedure.
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This computational format was applied in a s im ila r  manner to the 
l e f t -  and right-handed children independently. Analyses o f the 
s im ila r it ie s  and differences between factor solutions generated fo r  
the l e f t -  and right-handed samples were conducted in the following  
two ways: (1) through visual inspection o f  the facto r p ro f i le s ,
and (2) by means o f pearson product rrioment corre la tional analysis 
between each plot separately.
At th is point i t  would be worthwhile to review the 
expectations outlined in Chapter I .  Perhaps th is  may be best 
accomplished by viewing a p ic to r ia l  representation o f the subtypes 
expected to be generated through the application o f the C) type 
m ultivaria te  c la s s if ica tio n  technique. In Figure 1, you can see 
that i n i t i a l l y  the to ta l population (N = 322) has been partit ioned  
in to  two handedness samples (based on choice o f name-writing hand), 
with 161 subjects within each group. For the le ft-handers , the boxes 
labe lled  pu/tz and mixzd-'pA.zfizstznzz .are  intended to i l lu s t r a t e  two 
expected subtypes that manifest d if fe re n t  measurable variations in 
the consistency and degree to which they report the use of th e ir  
l e f t  hand on a series of hand preference questionnaire items. Thus, 
the former subgroup is composed o f members who report a tendency 
to engage the l e f t  hand fo r  a l l  seven of the manipulative tasks 
l is te d  on the Harris inventory, whereas the la t t e r  subgroup is made 
up o f individuals who demonstrate deviations from a consistent 
s in is t ra l  tendency fo r  the preference items (e .g . ,  a person who writes  
his name with the l e f t  hand but throws a ball with the r ig h t ) .  
Moreover, i t  was pointed out e a r l ie r  that a d is tinction  should be
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Figure 1. I l lu s tra tio n  of subtypes expected to be generated by multivariate s ta t is tic a l  
classification analyses (see text for explanation of partitions and notations).
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made between hand p/ie.j$eAe.nce and hand p/iofiZcUznctj. The three boxes 
located d ire c t ly  beneath the pu/ce. and mtxad-psizfieAence. p a r t i ­
tions are intended to represent three expected subtypes o f l e f t -  
handed w riters who manifest variations in consistency of hand usage 
across two behavioural tasks: one involving gross motor speed, and
a second involving fine  manipulative dex terity . As part o f the 
neuropsychological assessment proceedings a l l  subjects were also 
administered both a speeded fine  eye-hand coordination task involving  
the placement o f small steel pegs in to  slots or holes varying in  
directional orientation  ( i . e . ,  Grooved Pegboard T e s t) , and a simple 
motor speed task involving the rapid tapping o f a key with the index 
f in ger ( i . e . ,  Finger O scilla tion  Task). On the basis of an 
in d iv id u a l's  performances on these two behavioural measures, i t  was 
thought that the following three subtypes may emerge: (1) congnuoiu
l^ t -h a n d e / iA , those individuals who w rite  with the l e f t  hand, and 
who also exh ib it  a higher level o f performance with the l e f t  hand 
as compared to the r ig h t hand on both the Grooved Pegboard and 
Finger O scilla tion  Tasks, (2) lnQ.onghix.oai> tz^t-hand<2JU>, those in d iv id ­
uals who w rite  with the l e f t  hand, but who demonstrate a higher 
level o f  performance with, the r ig h t hand on both behavioural measures, 
and (3) mLxzd-pn.o Zzfat-handoAA, those individuals who prefer
to w rite  with the l e f t  hand, but who e xh ib it  a mixed proficiency  
pattern on the two behavioural tasks ( i . e . ,  left-handed performance 
superior to right-handed performance on one task, and vice versa). 
I n i t i a l  accounts of these hand proficiency patterns within the to ta l  
s in is t ra l  sample (N = 161) revealed 64, 36 and 61 aongmduA, i.nc.an- 
g/uiou&, and mixo.d-p/io6-i<ix.znt le ft-handers , respectively.
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One f in a l note on th is  issue. I t  was thought that the 
emergence o f discrete hand pfieloJienee and hand pA.o6-icUe.nt subtypes 
would hopefully aid in detecting differences that may ex is t between 
the c la s s if ica tio n  o f s in is t r a l i t y  by means of a hand preference 
inventory as compared against demonstrated left-handed performance 
proficiency on behavioural tasks involving simple motor speed and 
f in e  manipulative d e x te rity . As w e l l ,  i t  was f e l t  that i t  would 
permit an investigation into the importance o f  'degree or in ten s ity '  
of s in is t r a l i t y  as measured by two separate methods.. F in a lly ,  i t  
should be pointed out that even i f  hand proficiency is found to be a 
more important consideration in delineating subtypes o f l e f t ­
handers, the location o f  the ■ congAuouA , tncongAuouA and m ixed- 
pfio{loJLwvt partit ions  on Figure 1 ( i  . e . , beneath both hand 
pA.e6eA.ence markers) is intended to i l lu s t r a t e  the fac t that each of  
these three categories could well include both puAe and mixed 
pfieioJienee individuals as subtype members.
The remaining boxes, labelled  L+ on Figure 1, are intended 
to re f le c t  detected subtypes of s in is tra l  learning disabled children 
who manifest variations in hand preference tendencies w ithin the 
ch ild 's  biological family members. Thus, the L+ (positive  fa m ilia l  
s in is t r a l i t y )  p a r t it io n  consists o f those children who report the 
presence o f at least one immediate family member ( e .g . ,  mother, fa th er,  
s ib lin g ) as being left-handed, whereas left-handed w riters  who report 
no immediate biological re la t ives  as exhib iting  s in is tra l  tendencies 
constitute a separate (negative fa m il ia l  s in is t r a l i t y )  subtype 
id e n tif ie d  as L-. To control fo r  the e ffec ts  of a positive and
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negative fa m ilia l  s in is t r a l i t y  h is tory , a comparable group of  
right-handed w riters  (N = 161) was facto r analyzed as w e ll .  From 
such an analysis i t  was f e l t  that a s im ila r  c la s s if ic a tio n  fo r  
right-handed learning disabled children should emerge ( i . e . ,  a subtype 
composed of members with fam ilia l left-handed tendencies (R+), and 
a separate subgroup whose members report a nonfamilial s in is t r a l i t y  
history (R - ) ) .  In each case, the reporting o f fa m il ia l  l e f t -  
handedness was accomplished by having the two parents document, by 
means of a Parent Questionnaire, th e ir  own hand preferences as well 
as those o f th e ir  offspring (see Appendix A).
Cl uster Analytic C lassification Procedures
To re i te ra te ,  the main reason fo r  u t i l iz in g  m u ltivaria te  
c luster analytic  techniques in the present study was to confirm the 
existence o f subtypes that had been id e n tif ie d  by the £  type facto r  
analy tic  procedure. That is to say, i t  was expected that the sub­
groups generated by means o f one m ultivaria te  s ta t is t ic a l  procedure 
should be able to be detected through the application o f several 
other c la s s if ic a tio n  methods as w e ll .  As Doehring e t .  a l .  (1979) so 
aptly  stated, (a t  least in regard to reading impairment), ' .  . . sub- 
types which had previously been id e n t if ie d  by the Q technique (and 
continue to) remain well-defined when the data were re-examined 
using the technique of c luster analysis . . . confirms the usefulness
o f s ta t is t ic a l  c lass if ica tio n  procedures in iden tify ing  the patterns\
o f reading problems1 (p. 1, I ta l ic s  added). Stated another way, the 
occurrence o f consonant subtypes isolated by means o f  several d if fe re n t  
c la s s if ic a tio n  methods w il l  serve to buttress the claim that learning
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disabled children constitute a heterogeneous population in regard 
to the number and type o f cognitive deficiencies they possess.
The number and va r ie ty  o f c luster analytic  techniques is 
overwhelming. Even E v e r itt  (1974) in his detailed comprehensive 
review of c luster analysis admitted to the fac t that attempts to l i s t  
and describe clustering techniques currently  available cannot keep 
pace with the mushrooming l i te r a tu re  on the development o f new 
c la s s if ic a tio n  techniques. To complicate matters fu rth er, numerous 
methodological considerations surround the use o f c luster analysis.
Thus, B lashfield (1980) points out that the choice o f clustering  
method, the s im ila r ity  measure, the computer programme, and the procedure 
fo r  estimating the number o f clusters must be c learly  defined. More­
over, adequate evidence o f a c luster solutions v a l id i ty  should be 
provided as well ( e .g . ,  rep lica tin g  a solution across d if fe re n t  c luster  
analytic  methods or across a d if fe re n t  collection o f variab les).
Morris, B lashfield and Satz (.1981) add to th is  l i s t  the fact that  
most c luster methods cannot be formulated in precise mathematical 
terms. Because the technique demands some fa m il ia r i ty  with a number 
o f complicated parameters, both. Morris e t a l .  (1981) and Doehring et a l .  
(.1979) have cautioned against the selection and application o f  c luster  
analysis without f i r s t  consulting an expert in the f ie ld .
Be that as i t  may, some o f the bewilderment surrounding the 
selection o f an 'appropriate' c lustering method can be a llev ia ted  
somewhat by the fa c t  that -most c luster analysis techniques can be 
organized or arranged into categories. Thus, E v e r itt  (1974) suggests 
the following f iv e  part c la s s if ic a t io n  scheme: hierarchical tech­
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niques; optim ization-partit ion ing  techniques; density or mode- 
seeking techniques; clumping techniques; and others (the reader is  
referred to E v e r itt  (1974) fo r a detailed discussion on the part­
iculars that distinguish between these classes of clustering methods). 
Morris, B lashfield and Satz (.1981) report a s im ilar  c lass if ic a tio n  
arrangement but define 'others' more c lea rly  to include 'fa c to r  
analysis variants' and 'graphic techniques'. In general, in most 
clustering procedures, measurements collected on a number o f in d iv id ­
uals (or objects) are examined through the use of ad-hoc algorithms, 
with a view to the disclosure o f subgroups or 'c lus ters ' that would 
appear to belong or 'hold' together based on p a rt ic u la r  character­
is t ic s  o f the data set (E v e r i t t ,  1974; Lawlis & C hatfie ld , 1974;
Maxwell, 1977). Members (individuals or objects), o f a group or c luster  
share a high degree of association between each other w hile , a t  the 
same time, demonstrate low associative values with members o f a 
d if fe re n t  c lus te r. In general, the aim is to discover clusters or 
categories that ex is t in the data rather than allocate individuals  
to known groups, which is the purpose o f an 'assignment or id e n t i f ic a t io n '  
procedure such as discriminant function analysis (Maxwell, 19.77;
Morris e t a l . ,  1981).
The advent o f computer software programmes dealing s p e c if i ­
c a l ly  with a varie ty  o f c luster analytic  methods has enabled the 
application o f multip le techniques (Wishart, 1978). The Clustan 1C 
User Manual provides a comprehensive compilation o f the clustering  
programmes ava ilab le . In approaching the problem of the application  
o f c luster analytic  procedures, a certa in amount o f care needs to
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be exercised in regard to subject and variable se lection, choice of  
s im ila r ity  measure, determination o f the number o f  clusters existing  
in the data, and validation o f the solution (Morris e t a l . ,  1981).
For the f i r s t  o f these issues, some authors (E v e r i t t ,  1974*, Wishart, 
1978) have suggested that when dealing with a large number of 
dependent measures, one may want to perform a princ ip le  components 
analysis on the data, and use the f i r s t  few princ ip le  component 
scores as input variables to the clustering procedure. This is a 
useful way of reducing the number o f variab les. However, since one 
objective o f th is  study was to compare c lass if ica tio n s  derived from 
d if fe re n t  taxonomic procedures, a decision was made to apply c luster  
analyses to the same twenty-one T score measures collected on the 
same target populations used in the facto r ana ly tic  procedure. Besides, 
these measures have already been shown to load highly on factors 
found in a factor analysis o f the te s t  battery . Moreover, following  
the recommendation of Morris and his colleagues (1981) T score were 
chosen over factor score matrices as inputs to the clustering  
procedures. According to these authors, since facto r scores are 
normally d is tr ibu ted , they are thought to be l im it in g  in a clustering  
problem. The remaining issues, s im ila r i ty  measure and cluster  
method selection, c r ite r io n  fo r  termination o f the clustering proced­
ure, and validation o f  the c luster solution are discussed in more 
deta il below.
For many clustering methods, the f i r s t  stage in the computa­
tional format involves a conversion o f  a matrix o f data into a matrix  
o f in terindiv idual s im ila r it ie s  or d is s im ila r i t ie s  (E v e r i t t ,  1974;
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Maxwell, 1977; Morris e t a l . ,  1981). Basically , th is  refers to a 
measure o f the relationships or associations between pairs of  
ind iv iduals , given the value o f a set o f variables common to both.
Two measures of in terind iv idual s im ila r i ty  are ty p ic a lly  considered 
in c luster analysis. The f i r s t  o f these is corre la tion , a measure 
usually adopted when one is p a rt ic u la r ly  interested in the s im ila r i ty  
of p ro f i le  shapes or patterns. The most commonly used corre lation  
measure is the product moment corre lation c o e ff ic ie n t.  The second 
measure, distance, is thought to be more appropriate when elevation  
across variables is o f p a rt icu la r  in te re s t .  The best known distance 
measure is ,  o f course, Euclidean. The choice between correlations and 
distances measures in clustering is d i f f i c u l t  to make, and a case can 
be made for the selection o f e ith er  one. In the present study, i t  
was f e l t  that the s im ila r ity  o f  p ro f i le  shapes, rather than how fa r  
apart the pro files  were, was mord important in iden tify ing  d if fe re n t  
subtypes of left-handed learning disabled children. Thus, the product 
moment correlation coe ff ic ien t was selected as the measure o f  
s im ila r ity  between subjects.
The next stage in the c luster analysis is to select the 
clustering technique(s). Most researchers agree that there is no one 
technique that can be judged to be "best" in a l l  circimstances. A 
single set o f scores analyzed by two d if fe re n t  techniques can res u lt  
in e n t ire ly  d if fe re n t  solutions or groupings of the data (E v e r i t t ,  
1974). At best, E v e r itt  suggests that several techniques should be 
used to lessen the p o s s ib il ity  o f  accepting misleading solutions. I t  
is fo r  th is reason prim arily  that two clustering methods were chosen
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to analyze the data in the present study. Because the hierarchical 
agglomerative techniques are accepted as the clustering methods of  
choice in a number o f investigations, a decision was made to adopt 
two hierarchical techniques, group average or average linkage 
(CLUSTAN, version 1C2, procedure HIERARCHY, method GROUP AVERAGE, 
Wishart, 1978). and centroid sorting (CLUSTAN, version 1C2, procedure 
CENTROID, Wishart, 1978). Moreover, the results of another recent 
cluster analysis study o f learning disabled children (Joschkp,
Note 2) suggested the use of these two p a rt ic u la r  techniques 
following a systematic analysis o f  a varie ty  of clustering . 
methods.
The basic procedure with hierarchical agglomerative methods 
is as follows: beginning with the computation o f a in terind iv idual
s im ila r ity  matrix members are grouped together by a series of  
successive 'fusions' which culminate at the point where a l l  individuals  
are in one group (E v e r i t t ,  1974; Maxwell, 1977). The clustering  
methods unite individuals or groups o f individuals which are most 
s im ila r . Differences between the various agglomerative methods arise  
because of the d if fe r in g  ways o f  defining s im ila r ity  between an 
individual and a group containing several individuals or between two 
groups of individuals. For the group average method, s im ila r ity  
between clusters is defined as the average s im ila r ity  of a l l  pairs o f  
individuals in the two clusters . For the centroid sorting analysis, the 
s im ila r ity  between two clusters is computed using the two centroid  
vectors representing the clusters.
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To c la r i f y  fu rther the c luster solutions derived by 
means of the two hierarchical methods, a i te r a t iv e  relocation proced­
ure was applied to both (CLUSTAN, version 1C2, procedure RELOCATE, 
Wishart, 1978). The i n i t i a l  c lustering solution was reexamined to 
see i f  any o f the c las s if ie d  subjects should be reallocated to 
another group. The technique simply removes each subject from i ts  
assigned group and compares i ts  s im ila r i ty  to each other c luster with  
the objective o f  determining the one to which i t  is most s im ilar  
(E v e r i t t ,  1974; Morris e t a l . ,  1981). S t a t is t ic a l ly ,  the technique 
attempts to minimize w ith in -c lu s te r  variance and maximize between- 
cluster variance. Moreover, as Morris e t  a l . s ta te , ' .  . .( th e  
relocation method) also allows the investigator to examine the number 
of 'relocated' subjects which could give some idea o f  the s ta b i l i ty  
of the solution. I f  many subjects are changing clusters during each 
i te ra t io n ,  one must wonder about the adequacy o f  the re s u lts ' .
(p. 89, I ta l ic s  added). One f in a l  note on the relocation procedure.
Some authors (Wishart, 1978) have suggested that i t  is often d i f f i c u l t  
to find a 'global optimum' solution when clustering very large 
populations ( e .g . ,  N 150). To help circumvent th is  problem, Wishart 
(1978) has suggested that d if fe re n t  's ta r t in g  configurations' ( e .g . ,  
shape d ifference, size d iffe rence , or random c la s s if ic a tio n  arrays) 
should be u t i l iz e d  in the RELOCATE step. I f  the same cluster solution  
is replicated from say a random s ta r t  as from a shape difference  
c la s s if ica tio n  array , then a 'global optimum' solution is l ik e ly  to 
have been achieved. In the current study, i te r a t iv e  relocation analyses 
was performed u t i l i z in g  the shape difference c la s s if ic a tio n  array, and 
a random i n i t i a l  configuration.
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A persistent problem in c luster analysis is  the d i f f ic u l ty  
of deciding as to the correct nember o f  groups to consider fo r  a 
given set o f data. Two commonly used methods or indicators fo r  the 
number o f c luster present in the data include an examination o f the 
dendrogram or mapping o f  the data, and an analysis of the clustering  
coeffic ients  (E v e r i t t ,  1974; Morris et a l . ,  1981). In the f i r s t  of  
these methods, hierarchical t re e - l ik e  plots of the clustering  
solutions enable detection o f a phenomenon known as "chaining" in the 
data ( i . e . ,  a tendency to c luster together e n t it ie s  linked by chains 
o f interm ediates), as well as detecting m ultilevel clustering solutions 
(E v e r i t t ,  1974; Morris et a l . ,  1981). With the second of these 
methods, clustering coeffic ien ts  ( i . e . ,  measures o f variance) are 
computed during the course o f the clustering process. A precipitous 
change observable in a p lo t o f  these values from one grouping to the 
next suggests that two clusters were combined to form a heterogeneous 
cluster ( i . e . ,  one with a high degree o'f w ith in -c lus ter  v a r ia b i l i t y ) .  
Both c r ite r io n  were employed in the present study, although some 
indication o f  the correct number o f clusters was presumably provided 
by the £  type fac to r  analytic  solution.
Validation is the la s t  step in the clustering procedure. 
Several methods fo r  determining the s ta b i l i t y  and usefulness o f the 
clustering solutions are reported on the l i te r a tu re .  Some of these 
procedures include the following: (1) randomly dividing the sample
into two and performing separate analyses on each (c lear ly  structured  
data should produce s im ila r  solutions fo r  the partitioned samples as 
that found fo r  the e n tire  population), (2) removal o f a few 
variables from the analysis ( ' r e a l 1 clusters should be altered l i t t l e
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in the process), (3) demonstrating that clusters have predictive  
value with respect to variables not included in the orig inal 
clustering procedure, and (4) analyzing the same data set by several 
d if fe re n t  clustering techniques (widely divergent solutions ca ll into  
question the existence o f well-defined clusters) (E v e r i t t ,  1974;
Maxwell, 1977; Morris e t a l . ,  1981). C riterion  (4) was p a r t ia l ly  
s a tis f ie d  in the present study by the u t i l iz a t io n  o f two d if fe re n t  
clustering methods. In addition, a split-sample design was employed 
which randomly divided the 161 children into two subsamples and each 
h a lf  was clustered independently. Membership assignment in the 
partit ioned samples was checked against the c luster solutions derived 
fo r  the standard.
F in a lly ,  the solutions derived from the c luster analyses 
were compared against the subtypes generated by the Q-technique or 
fac to r  analysis. This was accomplished in three ways. F i r s t ,  fo r  each 
group of individuals who constituted a c lu s te r, T score means fo r  
the variables used to define the c luster were calculated. These 
values were then plotted graphically to enable visual inspection o f  
the s im ila r ity  between in te rc lu s te r  p ro f i le s ,  and between Q. type and 
c luster analysis p ro f i le s .  Secondly, Pearson product moment corre la ­
t ional analyses were conducted between each plo t separately. F in a lly ,  
following the c r ite r io n  outlined in Doehring et a l .  (.1979) the results  
of the c luster analyses were evaluated and interpreted with reference  
to the c la s s if ic a tio n  obtained in the £  type analysis, ( i . e . ,  the number 
o f subjects from each of the Q technique subtypes who were not c lass i­
f ie d  together by a given method of c luster analys is ).
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Figure 2 presents an i l lu s t ra t io n  o f the steps involved in 
the Q type factor analytic  and c luster analysis procedures.
Subtype Analyses
Subgroup composition across such variables as in tens ity  of 
left-handedness (including analyses o f hand preferences and hand pro­
f ic ie n c y ),  as well as fa m ilia l handedness tendencies was analyzed 
through the application o f a series of Chi-Square (X2) Goodness-of- 
F i t  tests (Yamane, 1967). The d is tr ib u tio n  o f scores fo r  the hand 
preference, hand proficiency and fa m ilia l  handedness variables fo r  
each £  type factor and cluster analytic  group were compared against 
th e ir  respective hypothetical d is tr ib u tio n s , and a measure o f agree­
ment or conformity ( 9 ^ )  was generated fo r  each.
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Figure 2. I l lus tra tion  of the steps involved in the type and 
cluster analytic c lassification procedures.
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RESULTS
The results of this study are presented in three phases.
The f i r s t  phase reports on the selection of appropriate variables 
on which to factor and cluster analyze the target samples. The 
second phase describes the 0. type factor analyses solutions. F in a lly ,  
the last phase discusses the cluster analyses results and includes 1
a report on the validation procedures used to assess the adequacy 
and s ta b i l i ty  of the clustering solutions. I t  also gives an account 
of the degree of conformity or agreement between the subtypes derived 
from the different multivariate taxonomic procedures.
Variable Selection
In any multivariate taxonomic procedure the choice of  
variables w il l  obviously determine the classification found, and i t  
is important that the measures selected are relevant to the type 
of c lassification being sought. For example, in th e ir  attempts at 
describing the adaptive a b i l i ty  makeup of children who were encount­
ering learning problems, both Petrauskas and Rourke (1979) and Fisk 
and Rourke (1979) u t i l ize d  a broad range of neuropsychologic measures 
aimed at delineating areas of normal and compromised brain function­
ing. For reasons already noted, the twenty-one dependent measures 
employed by the la t te r  authors in th e ir  Q typing of right-handed 
learning disabled children were also u t i l ize d  in the present study.
90
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At the same time, following the procedure outlined in the Fisk and 
Rourke (1979) investigation, product moment correlations were 
computed between the forty-two test measures lis ted in Table 5.
The results of these analyses are presented in Tables 6 to 11. An 
asterisk next to the variable name denotes those test measures 
selected by Fisk and Rourke (1979) and u til ized  in the present 
study as input variables to the multivariate classification proce­
dures.* Moreover, by way of comparison, Table 12 presents the 
results of an R^ type factor analysis of the test battery conducted 
on a group of children within the age range of 9-12 years. I t  is 
clear from Table 12 that those variables selected as dependent 
measures on the basis of a 'rational grouping, procedure' so employed 
in the present study follows fa ir ly  closely the factor solutions 
generated by-a formalized^ type analysis.
Q Type Factor Analyses Solutions
The results of the factor analyses by the Q technique applied 
to the scores of the 161 l e f t -  and 161 right-handed children independ­
ently are presented in Table 13. The eigenvalue lim itation used to
^Applying the criterion that selected variables were to represent 
the lowest possible intercorrclations between test measures within 
each adaptive skill area, an argument could perhaps have been made 
for the selection or inclusion of certain other variables as depen­
dent measures (e.g., YFhll, SENMB1, and VOCAB within the Auditory- 
Perceptual realm; FAGNL and FTWL within the Tactile-Perceptual area; 
and GRIPR and GRIPL among the Motor measures). However, as stated 
earlier, one intention of this study was to compare directly the sub- 
types generated for a sample of left-handed children to those already 
reported on for a similar group of right-handed agemates (i.e.,
Fisk fi Rourke, 1979). Thus, dependent measures were duplicated.
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TABLE 6
Pearson Product Moment Correlation Coefficients 
for Auditory-Perceptual Measures.
INFO COMP SIMIL VOCAB PPVTIO AUDR AUDL SSPER AUDCLO SENMEM VFLU
*  INFO 1.00 .34 .33 .50 .41 .17 -.07 .30 .35 .41 .15
*  COMP 1.00 .23 .32 .33 .05 -.08 .14 .12 .23 .13
SIMIL 1.00 .43 .37 .13 .03 .13 .13 .28 .15
VOCAB 1.00 .56 .09 .01 .22 .38 .46 .16
PPVTIQ 1.00 .01 .01 .18 .25 .38 .10
AUDR 1.00 .05 -.07 .01 .06 -.08
AUDL 1.00 .02 -.05 .04 -.08
*SSPER 1.00 .15 .34 .34
* AUDCLO 1.00 .29 .18
SENMEM 1.00 .33
VFLU 1.00
10
ro
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TABLE 7
Pearson Product Moment Correlation Coefficients 
for Sequential Processing Measures
ARITH DIGITS CODING
* ARITH 1.00 .24 .04
*  DIGITS 1.00 .07
*  CODING 1.00
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TABLE 8
Pearson Product Moment Correlation Coefficients 
for Visual-Perceptual Measures
PICCOM PICARR BLKDES OBJASS VISR VISL TARGET
*  PICCOM 1.00 -.01 .27 .18 -.07 -.11 .16
PICARR 1.00 .20 .19 .01 -.01 .23
*  BLKDES 1.00 .39 .09 1 * o ro .27
*  OBJASS 1.00
CO
o•1 - .04 .18
VISR 1.00 .19 1 • o CO
VISL 1.00 .01
*  TARGET 1.00
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TABLE 9
Pearson Product Moment Correlation Coefficients 
for Tactile-Perceptual Measures
TACR TACL FAGNR FAGNL FTWR FTWL ASTR ASTL TPTDT TPTNDT TPTBT
TACR 1.00
CO• -.16 -.12
*3-
o
•1 -.06 1 • o no -.13 1 • ro -.12 -.11
TACL 1.00 -.19 -.08 -.09 -.13 -.14 -.16 -.36 -.19 -.12
* FAGNR 1.00 .56 .21 .19 .06 .10 .23 .16 .10
FAGNL 1.00 .16 .13 1 • o .04 .12 .17 .05
* FTWR 1.00 .83 .06 .16 .13 .27 .11
FTWL 1.00 .06 .14 .16 .23 .12
ASTR 1.00 .58 .07 .12 .02
ASTL 1.00 .15
C
O
CV1• .06
* TPTDT 1.00 .46 .35
* TPTNDT 1.00 .33
TPTBT 1.00
VOcn
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TABLE 11
Pearson Product Moment Correlation Coefficients 
for Conceptual Reasoning Measures
CATTOT TRSBT
* CATTOT 1.00 .16
*  TRSBT 1.00
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TABLE 12 
R_Type Factor Analysis Solutions
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8
*OBJASS .74 VOCAB .78 TRSAT .61 MAZCM .83 VFLU .52 *DIGITS .62 GRIPM .58 PEGSM .32
*BLKDES .66 SIMIL .67 *TRSBT .57 MAZSM -.38 *AUDCLO .49 SENMEM .44 TAPM .57 CATTOT -.30
PEGSM .51 *INFO .66 *CODING .52 HOLCM .37 FAGM .38 *ARITH .39
*PICCOM .48 PPVTIQ .66 *SSPER .39 *SSPER .31 ASTM .38
TPTM .45 *COMP .59 *TARGET .36 *CATTOT .31
PICARR .45 SENMEM .56
*TARGET .34 *ARITH .44
TPTMEM .33 *PICCOM .33
*CATTOT .32 PICARR .29
*  Denotes variables used in the current study.
N.B. Some of the variable abbreviations listed on this Table d if fe r  from those listed on Table 5. The meaning of 
these abbreviations are not particularly important for the purposes of the present study. However, i f  the 
reader is interested, the signification of these labels can be ascertained elsewhere (Gates, personal communication).
to
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TABLE 13
Factor Analysis Solutions for Left-Handed 
and Right-Handed Samples
Factors
Data 1 2 3 4 5 6 7
S in u & ia lA
Eigenvalues 33.399 22.619 16.102 15.471 11.361 9.052 8.273
Variance 0.276 0.187 0.133 0.128 0.094 0.075 0.068
Cum Variance 0.276 0.462 0.595 0.723 0.816 0.891 0.959
VtLxtAjaLt.
Eigenvalues 34.926 24.756 17.648 12.538 11.010 10.232 8.386
Variance 0.285 0.202 0.144 0.102 0.090 0.083 0.068
Cum Variance 0.285 0.487 0.631 0.733 0.083 0.906 0.975
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terminate factoring was 7.66 for both handedness samples. This 
value yielded seven factors for each of the factor analyses that 
accounted for 95.9% and 97.5% of the common variance for the l e f t -  
and right-handed samples, respectively.
The number of children in each handedness sample exhib it­
ing factor loadings of .50 or more on only one of the factors, high 
loadings on more than one factor, and factor loadings less than .50 
on a l l  of the factors is shown in Table 14. For the left-handed 
sample, 110 (68%) of the 161 children demonstrated single factor 
loadings of .50 or more, 15 (9%) of the children exhibited multi­
ple factor loadings, and the remaining 36 (23%) children ( i . e . ,  
unclassified subjects) were found to have low factor loadings on 
a ll  seven factors. For the right-handed group o f  children, the 
corresponding values were 116 (72%), 20 (12%) and 25 (16%), respec­
t iv e ly .  Only individuals with a high factor loading on only one 
factor were considered in the determination of subtypes, and only 
those with a high positive loading. A sizeable number of subjects 
exhibited negative factor loadings, and 12 of the l e f t -  and 3 of the 
right-handed individuals were found to have single factor loadings 
below - .5 0 . However, these children were excluded from subtype 
classification. Likewise, when a person has a sizeable factor loading 
on more than one factor, classification is d i f f ic u l t .  Thus, subjects 
exhibiting multiple factor loadings were excluded from subtype 
determination as w ell. A complete l is t in g  of a ll  of the individual 
factor loadings is provided in Appendix C for the left-handed 
sample, and Appendix D for the right-handed sample.
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TABLE 14
Number of Classified (Single Factor Loadings s . 50), 
Multiple Loadings, and Unclassified Subjects for 
Sinistra! and Dextral Samples
Loadings
Sample
Sinistrals Dextrals
Single. Loading6
1 41 20
2 26 26
3 19 18
4 9 11
5 6 18
6 4 8
7 5 15
Total 110 116
% Sample 68% 72%
M u lt ip lz  LoacLLng&
Total 15 20
% Sample 9% 12%
Uncla66i^ie.d
Total 36 25
% Sample 23% 16%
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The T score means and standard deviations of variables 
used in the factor analyses procedure for each s in is tra l and 
dextral Q type factor are shown in Tables 15 and 16. An asterisk  
next to the variable name denotes those measures used in the factor 
analytic procedure. The other measures lis ted  on the Tables include 
the T score means and standard deviations of variables not u t i l ize d  
in the Q technique, as well as descriptive information on the mean 
age (CAGE), mean WISC VIQ, PIQ and FSIQ, and mean WRAT Reading 
(RPERC), Spelling (SPERC), and Arithmetic (ARPERC) centile  scores 
for each factor. B r ie f ly , for the left-handed sample, Factors 1,
2, 4, 5 and 6 exhibited fa i r ly  s im ilar mean age values (11.09,
10.73, 10.94, 10.34 and 11.46, respectively) .  The mean age for 
Factor 7 was s lightly  higher (12 .66), while Factor 3 exhibited the 
highest mean age value (13.46). I t  was also clear from Table 15 
that the mean WISC FSIQs were f a i r ly  uniform across the seven factors. 
When the discrepancies between mean WISC VIQs and PIQs were examined, 
a ll  of the factors showed a s im ilar lower VIQ-higher PIQ pattern, with 
the exception of Factor 4. The magnitude of this discrepancy was the 
least for Factor 6, whereas the greatest mean difference occurred 
within the group of children who constituted Factor 2. A reverse 
pattern was seen for Factor 4 where the mean VIQ value exceeded the 
mean PIQ.. Finally, on the WRAT, the mean Reading, Spelling and 
Arithmetic subtest scores were a ll  below the 30th centile  for Factors 
1, 2, 3 and 7. For Factors 4 and 6, the mean subtest scores for  
Reading and Spelling exceeded the 30th centile , while Arithmetic was 
below this value. F ina lly , Factor 5 exhibited a mean Reading
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J_ Score Means and Standard Deviations 
of Variables for Each Sinistral Q. Type Factor
Factor 1
VAR l j \ d L E N M CAN 5 T A N C 4 r- 0DEV I AT I UN
*  I N r O A 1 A A . 3 0 6  5 A3 0 9 6 . 2 0 2 3 2 4 9 4
*  COMP A 1 A6 . s e e s t i s c s 9 . 3 0 2 A 3  I 1 7
S I M I L A 1 £ 2  . £ 2 0 2 2 5 2 0 7 . 7 0 2  l C S o 6
VOCAB A I A 7 . 7  2 3 5 7 7 2 4 6 . 9 6 5 7  3 7 I  A
P P V T I Q A 1 A9 . A A 7 1 5  A A 7 8 .  3 1 A£ 15.34
AUDR A 1 C . 0 5  7 E60. SE 0 . 4 3 6  1 6 5 5 0
AUDL A I 0 .  1 9 5  12 1 9 5 C . 9 5 A A£ 0 4 2
*  S SPE R A I 2 7  . 3 S 5 G 9 £ 4 5 1 6 . 4 4 4 2 3 7 1 0
*  AUDCLO A I 4 5 . 9 3 9 6 3 A 1 5 1 7 . 6 3 7 2 7 6 7 3
SENMEM AO 3 A . 0 0 6 5 2 1 7  A I 0 . 1  I 7 A C 2 / O
V F L U A t AC . 4 0 4  2 2 0 5 6 9 . £ 1  A A£ 2 5 5
*  AR I Tl i A I A c . 9  26  6 2  9 2  ? 7 . 0 7 8  7 2 8  70
*  D I G I T S A I A 2 . 6 3 9 2 6 0 3 7 . 2 / 3 2  1 5 , 0  -
*  C O D I N G A 1 4 0  . 5 J c  C 8 5 J 7 5 . 6  9 1 C 2 6 2 2
*  P I C C O M A 1 £ 4 . 7 1 t  4 4 7 1 5 £ . 6 5 5  4 7 1 6 9
P I  CARR A I 5 0 . 6 5 0 A 0 c 5 0 7 . 6  0 5 l c  7 I «.
*  B L K D E S A 1 5 0 . S 7  5 6 0 5 7 G C . 2 0  OCS l d 5
*  O B J A S S A I £ 1 , 7 6 6 6 1  7 3 9 9 . 1 3  1 6 7 7 5 0
V I SR A I 0 . 2 1 5  £ 1 2 2 C 0 . 6 3 5 6  4 4 6 6
V I SL A 1 0 .  A I  A 6 3 A 1 5 0 . £ 6 5 2  2 1 0 3
*  T A R G E T A 1 A 1 . 5 9 5  5 5 5 0 7 1 I . 0 7 5  4 £ 2 2 5
TACR A 1 C . 7 0 0  A 0 7 0 0 1 . 2 3 5 l £ £  76
T A C L A I 0 . 6 3 A  I A 6 3 A 1 . 0  8 5  £ 6 A 6 I
*  FAGNR A 1 - 2  1 . 7 5  6 C9 7 5  6 4 6 . 6 4 1 5 4 7  17
F A G N L A 1 2 1 . 6 2  6 C 1 6 2 6 a i . e y e s 2 £ 9 6
*  FTWR A 1 3 5 . 6 7  5 9 5 A 7 1 1 5 . 6 2 C 0 5 1 8 7
F T VJL A I 2 9 . 7  I A 6 7 2 0 0 2 4  . 5 3 6 6 5 0 6  I
A ST R A 1 A 0 . 8 9 5 C 5 9 A  I 1 A . 2 5 1 6 5 5 4 7
A S T L Al A 2 . 5 5  2 2 2 1 7 A 1 5 .  1 2 2 7 6 7 4 0
*  T PT DT Al A 6 . 0 3 0  I  0 2 3 9 13  . 2 7 6 5 7 7 6  1
*  T P T N D T A 1 A 6 . A 0  7 1 9 2 2 0 13 . 9 5 4 7 C 7  13
T P T B T A 1 3 2  . 3 0  0 1 6 5 1  A 3 5  . 0 6 0 3 2 6 9 7
T P T ME AO A 5 . 8 7  5 COCOO 12 . 2  1 5 5  2 1 7 5
T P T L C C AO 4 £ . 4 2 7 £ 1 2 8 5 1 2 . 2 7 7 7 4 5 0  2
~ t a p ;: A 1 4 C . 3 £ 2 6 7 4 9 6 1 1 . A 9 E A £ £ I 7
 ^ TAPL. A 1 A A .9. ' .  •» i M  7 0 7 1 3 . e I 2 9 1 3 A 2
r  TAPR A 1 2 0 . A J £ 12 19 5 7 . 1 J 6 2 3 I C
F T APL A 1 3 0  . 3 2 0 7 3  17 1 7 . 12£  6 2 3  0 9
GR 1PR 3S A 1 . 2 2 A 2 -3 5 7 I 1 A . 1 6 0 6  A 6 2 1
GR I PL 3 6 3 6  . A 1 £ £ 2 e 7 8 1 3 . 2 0 E 2 E 7 2 9
*  P E G S R T A I A3  . 9 7 7  ABASE 1 2 . 0 0 5 6 6  4 2 0
*  P E G S L T A I A 3 . 4 4 5 7 9 9 A 6 11 . 5 5 1 2 A 7 7 e
*  C A T T O T A 1 5 0  . 9 3 1 7 2 3 0 e 9 . 0 4 5 2 9 2 6 2
*  ' TRSBT A 1 3 9 . 9 6 9 1 8 7 0 2 2 2  . 0 2 0 5 6 7 4  7
CAGE A 1 1 I . C 9 5 6 e 2 9 3 1 . 2 0 8 6 1  1 6 5
V I Q A 1 A 5 . 0 0 9 A 3 0 0 9 5 .  8 5 9  C C 2 7 5
P I Q A 1 £ 1 . 0 2 1 1 3 8 2 1 6 . 1 1 0 1 4 5 2 8
F S  IQ A I A f i . 1 1 3 8 2  1 1 4 A . 5 9 7  5 6 C 3 8
RP ERC A 1 2 4 . 2 1 S £ 1 2 2 0 2 2 . 0 3 2 3 7 6 4 0
SPERC A I 1 0 . 1 9  £ 1 2 1 9 5 1 5 . 8 4 7 1 5 C 6 2
ARPERC A I 1 8 . 6  5 £ £ 3 6 5 9 1 2 . 0 8 2 2 2 8 5 3
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TABLE 15 (cont'd)
Factor 2
VARIABLE N M E A N S T A N D A R D  D E V  I  AT I O N
INFO
COMP
SIM IL
VOCAD
PPVT 1(1
A U D R
AUDL
SSPER
AUDCLO
SENMEM
VFLU
ARITH
DIGITS
CODING
PICCOM
PI CARR
□LKDES
OBJASS
V ISR
VISL
TARGET
TACR
TACL
FAGNR
FAGNL
FTWR
FTWL
ASTR
ASTL
T P T D T
TPTNDT
TPTBT
TPTMEM
TPTLOC
TAPR
T A PL
F T A 3 R
FTAPL
GR I PR
GR I PL
PEGSRT
PEGSLT
CATTOT
TRSBT
CAGE
VIQ
PI 0
FSIQ
KPERC
SPERC
ARPERC
26 
26 
26 
26  
26  
2 6  
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
2 6 
26 
26 
26 
26 
26 
26
2 6 
2 6 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26
3 5 .6  IE 28462 
47.0512820 S 
EC .76522077 
49.10256410 
4 7 .9487 179 5
0.03846154
0 .07652208 
12 .390 42657 
4 7.05 4 0 07 69 
2 1.010 03344 
26.31593407 
41.66666667 
43.461E 304 6
49.07 1 794 8 7 
56.794 07179 
5P .4 25 69744 
52.43589744 
56.4 I 02564 I
0.038 46154 
0.23076523 
4 1.21040513 
0.423C7692 
0.307 69221 
54 .000 CCCOO 
44.8717940 7 
54.10144603 
£0.42948718 
44 .558 14022 
44 .823 85262 
52 .925 C882S 
52 .27850561 
4 1 . 17 556782 
52 .48076923
4 7.60556111 
52 .664 4 4 622
48 .77422012 
2 1 . 1 1 8 8 C C 0 0 
2 I .006C0C00
49 .06882591 
44 .07279867 
42 .62267450 
46.03646154
5 1 . 726 42502 
38.40806909
1 0.736 5 4615 
44 . 15284615 
£4 .76523077 
45.07652300 
1 1 .19230769
8.38461538 
IS.65284615
6 . 6 2 1 6 4 2 0 4  
9 .  1 5 6  7 5 4 5 5
8 . 3 5 6  1 7 2 3 2  
6 . 2 2 2 2 7 4 8 5
9 . 9 5 5 7 8 2 2 7  
0 .  1 9 6  1 1 6 1 4  
C . 2 7 1 7 4 6 4 9
1 7 . 5 0 0 1  I 1 9 3
I  1 . 9 3 1 2 4  2 6 4  
14  . 2  1 0 2 4 C 5 Q
8 . 7 1 5 2 C 2 0 7 
7 . 1 9 5  6 7 7 7 1  
6 . 0 7 2 2 1 4 9 9
9  . 2 1 2 5 8 8 9 3  
1 0 . 2 6 2 2 7 0 0 6
9 . 5 0 1 2 2 6 9 9  
7 . 5 1 6 2 6 2 9 1
8 . 3 7 5 7 8 5 2 9  
0 .  196  1 1 6  1 4  
0 . 5 1 4 4 C 7 6 0
1 0 . 5 4 5 6 2 6 2 6  
0 . 9 4 5 4 2 4 3 7  
0 . 9 7 0 2 2 5 0 5  
1 2 . 8 4 9 9 0 2 7 2  
1 5 . 7 4 8 8 8 4 1 0
I I  . 5 2 5 2 C 8 10  
13  . 9 0 1 6 2 7 8 9  
I  2 . 5 7 4 6 2 7  18  
1 1 . 8 2  155 7 9 2
9 .  6 0 3 5  4 6 5 2 
8 . 7 9  2 6  8 C9 2
3 I  . 6 1 2 5 7 2 2 4
6 . 3 8 2 4 5 8  10 
1 0 .  2 0 5 6  1 2 2 6  
1 1 . C 7 7 6 C S 9 0  
1 1 . 1 3 7 5 1  £ 4 7
5 . 2 8  6 2 4 8 1 3  
6 . 2 7 3 8 7 5 0 7  
1 0 . 2 3 3 7 5 7 7 1  
1 1 . 4 8 5 7 6 2 5 9  
1 0 . 3 2 2 c 1 5 4 4  
9 . 2 2 4 8 5 2 6 3  
e . 6 0 4 0 4 6 0 0  
1 6  . 8 0 5 0 2  21  I 
I . 2 9 2 4 5 0 7 5  
5 . 2 2 2 2 2 2 3 1
7 . 0 8 4 7 2 7 4 2  
5 . 4 1 2 5 5 4 8 1
I 1 . 4 5 7 8 1 5 6 1  
9 . 9 4 0 1 2 8 4 6  
1 2 . 7 1 2 C 1 7 3 3
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TABLE 15 (cont’ d)
Factor 3
VARIABLE N MEAN STANCAFD DFVIAT ION
* INFO 19 42 .28070175 4.97557386* COMP 19 50.00000000 10.715 16751
SI MIL 19 52 .50 £77193 6 .71026293
VOCAB 19 46.842 10526 5.49676495
PPVTIQ 19 51 .649 12281 9 .59 C02 7 07
AUDR 19 0.05263158 0.229415 73
AUOL 19 0.10526216 0 .45862 147* SSPER 19 - 38.38421053 16.73924199* A UDCLQ 19 42 .75526316 1 1 .405 12266
SENMEM 19 36.47135588 12.89354457
VFLU 19 4 1 .50751830 10 .72996571
* AR I TH 19 42.28070175 5 • 2178C2 28* DIGITS 19 45.96491228 9.91189256* CODING 19 46 .14035088 9 .37972220* PICCUM 19 52.50677193 9 .45905203
PI CARR 19 50.35067719 7.27711930* DLKDES 19 52 .604 21053 7 . 769^ - 1 90 7
* OBJASS 19 54 .561 40251 1C. 0 129 c702
VISR 19 0.10526316 0.31520 I 77
V ISL 19 0 .05263158 0 . 229 4 15 72* TARGET 19 29.89050558 18 .93364613
TACR 19 0.05263158 0.22941573
TACL 19 0.05263158 0.22941573* FAGNR 19 42.52621579 24.28424931
FAGNL 1 9 37.96491228 31.82162762* FT WR 19 - 17.42526839 51.66792394
F.TWL 19 -24.98053059 97.64918761
ASTR 19 4 1 .63855793 19. 15576985
ASTL 19 46.57157600 17.70826122* TPTDT 19 51.15203828 5 .949 0 9 441* TPTNDT 19 42.12121212 24.224ei479
TPTBT 19 37.04815068 20.03214895
TPTMEM 19 47.50677192 12 . 132C504 1
TPTLOC 19 42.25199362 9 .63464220* TAPR- 1 9 5 0.69266506 12.16741297* T A PL 19 47 .1 55 55556 16 .61348C57
F  T A P R 19 3 5.4o 1 0 5263 5 . 05484794
F T A P L 15 36.72210526 4.e82 C 9963
GR I P R 7 48.322 44898 12.48156970
GR I P L 7 41 .368 74209 14.4981 1564* PEGSRT 19 49.0248497 19.12501191* PEGSLT 19 45.56483897 1 1 .93378064* CATTDT 19 42.65036707 9.48552022* TRSE1T 19 2 1 .04655579 20.28920296
CAGE 19 12.26426316 1 .2 196 1425
V I  Q 19 4 5.9 29 62 456 6.06505773
P I O 19 £2 .3859649 I 8.44526776
FSIQ 19 48.91228070 5.24091466
RPERC 1 9 27.63157895 21.35730561
SPERC 19 12.68421053 15.28271584
ARPERC 19 1 I .47268421 0.81519157
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TABLE 15 (cont'd)
Factor 4
VARIABLE N MEAN STANDARDDEVIATION
£ INFO 9 50.37C27C27 8.73124 09 I
COMP 9 £ 4 . 4 4 4  4 4 4 4 4 1 I.66666667
SI MIL 9 £2 .22222233 8.49836 £ 8 6
VOCAB 9 £ I .85185185 6.60977477
PPVTIQ 9 50 .22 222222 e.2596 7446
AUDR 9 o.ooccoooo 0.OOCCCOOO
AUDL 9 c .ooocoooo 0.OOCCCOOO
 5SPER 9 45 .92222222 7.13895619
* AUDCLO 9 6 5. 29 A A 4 4 4 4 5 .C95E 6 509
SENMEM 9 38.995 10908 3.91046927
VFLU 9 42 . 142E5714 0.50236854
 ARITH 9 50.000 CCCOO 6.87184271
 D IGITS 9 4 5.55555556 7.63762616
 COD ING 9 42 .32223223 8.33222233
 PICCOM 9 £ 2 .59259259 6.62C2C6 4 9
P ICARR 9 48.51851852 7.637 07 5 54
* Ct KDES 9 4 0.14814815 5.29966 22 3
* DrlJASS 9 4 7.037 C37C4 6 . 5 4 9 9 C 2 4 0
V I SR 9 O.OOCCOOOO C . OOCO CGOO
V ISL 9 0 . 2 2 2  2 2 2 2 2 0 . 6 6 6  6 6 6 6 7
* TARGET 9 4 5 .079 14180 7 . 1367697 1
TACR 9 0.OOOCOOOO 0 . 0 0  0 C CGOO
T ACL 9 C .OOOCOOOO 0.OOCCCOOO
* FAGNR 9 4 6 •44 4 4444 4 17.28518955
FAGNL 9 50.51851852 7.40702703
* FTWR 9 55.089 5184 3 7.55741326
FTWL 9 49.09259259 8 .48941789
A5TR 9 4 I.56229318 14 .03079266
ASTL 9 50.18051665 7.95722833
 TP TOT 9 £ 5.04920448 8.64049910
* TPTNDT 9 £ I.53209877 10 .25604660
TPTBT 9 49 .644 62001 11 .88261759
TPTMEM 9 50.42592593 11.099C2120
TPTLOC 9 47 .12457912 12 . 165 74 64 2
 TAPR 9 4 9.88887199 1 1 .24 0 52 2 8 6
* TAPL 9 42.96543210 12.13470236
FT APR 9 2 2 .9 8555556 7 .46C9S639
F TAPI. 9 2 2 . 2 1 e eeeoo 8.65265630
GR IPR 9 40.63492063 17 .385 £ £ 451
GR I PL 9 33.06760542 I 7 .007 45 53 7
* PEGSRT 9 16 .36 I 96079 23.C7954275
 PEG5LT 9 12.23148148 29 . 98892829
 CATTOT 9 52.09685464 5 .93395853
* TRSBT 9 46.22523504 8 .90402C73
CAGE 9 10.94222222 0 .70427557
v ia 9 £ 1.18510519 7 .0299 1843
P IQ 9 48 .8e e8 8 8 8 9 4 .70224523
FS IQ 9 49.32223333 4 .70224533
RPERC 9 6 1 . 0 0 0 0 0 0 0 0 ‘ 38 .67e 15921
SPERC 9 24.66666667 2e.87C40007
ARPERC 9 20.55555556 I 1.25956384
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TABLE 15 (cont'd)
Factor 5
V A R I A B L E N MEAN STANDARD
D E V I A T I O N
*  I N F O 6 Aa . B e e e e e a 9 3  . 6 9 6 6 1 7 3 1
*  COMP 6 4 9  . 4 4  4 4 4 4 4  4 6 . 4 6 9 3  0 0 7  2
S I M I L 6 5 0  . C 0 0 C C 0 C C 9 . 6 6 0 9  1 7 8 3
VOCAO 6 5 2  , 2 2 2 2 2 2 2 2 5 . 4 4 2 2 1 0 5 4
F F V T I Q 6 5 2  . 6 6  6 £ 6 6 6  7 1 0  . 6 6 4 6 2 6 0 2
AUDR 6 0 . 0 0 0  CCCOO 0 . 0 0 0 0 0 0 0 0
AUOL 6 0 . 0 0 0  c o o o o 0 . OOCCCGOO
*  S 5 P E R 6 5 2 . 2 6 6 £ 6 6 6 7 16 . 9 3 1 2 2 2 4 7
*  AUOCLO 6 7 4  . 2 2 2 2 3 2 3 3 7 . 5 2 7  7 2 6 5 3
SENMEM 6 4 0 . 1 4 4 9 2 7 5 4 1 0 . 5 3 0 9 5 7 7 5
V F L U 6 4  0 . 4 7  £ 1 9 0 4 8 1 4  . C 9 C 9 2  4 0 3
*  ARI TH. e 4 2 . 2 2 2 2 2 2 2 2 5 . 0 1 6 4  6 4 2 5
*  D I G I T S 6 4 6 . 1 1 1 1 1 1 1 1 8 . 2 7 7 5 9 1 3 5
*  C GD I N G 6 4 5  . 5 5 5 5 5 5 5 6 1 0 . 6 8 0 5 4 6 5 3
*  P I CCOM e 5 1 . 1 1 1 1 1 1 1 1 6 . 3 4 4 4 2 7 0 5
P I C 4 R R 6 5 2  . 2 2 2  2 2 2 2 2 £ . G 0 5 2 C 2 73
*  DL KD E S 6 5 1 . 6 6  6 O 6 P 7 6 • 6 6 6  £ £ 6 6  7
*  0 3  JAGS 6 5 0 . 5 5 5 5 5  5 5  6 8 . 0 0 4 6  2 e 2 9
V I S R 6 c . o o c c c : o o C. OOOCOOOO
V I SL 6 C. OOC C C COC 0 . OOCC C COO
*  TARGET 6 4  9 . 2 7  5 2 6 2 2 2 5 » 7 7 e 9  5 7  1 1
TACR 6 0 .  1 6 6 £ 6 f '  . 0 . 4 0 8 2 4 6 2 9
T ACL 6 0 . 0 0 0  OOOOO 0 . OOOCOOOO
*  FAGNR 6 5 2  . 6 6 6 6 6 6 6 7 e .  1 6 4 9 6 5 8 1
F A GN L e 4 e . 8 e e e 6 6 8 9 5 . 4 4 2 2  1 0 5 4
*  FTWR 6 4 8 . 0 6  2 0 1 5 5 0 1 1 . 2 0  0 e 2 6 4 1
FTVML 6 4 5 . 2 7 7 7 7 7 7 8 e . 2 7 7 5 9  1 3 5
A STR 6 4 I  . 5 3 8 4 6 1 5 4 1 0 .  6 0 3 1 1 4 4 2
A STL £ 5 0 . 5 8 8 2 3 5 2 9 6 . 1 6 9 4 6 3 8 1
*  T P T D T 6 5 4  . 8 1 0  1 8 1 8 2 6 . 2 6 5 2  1 2 8  9
*  T PT NDT £ 5 6  . 7 3 2  2 2 2 2 2 2 . 2 1 C 3 9 9 7 7
T P T B T 6 5 5 . 5 C C C C C 0 0 1 0 . 5 2 1 9 3 4 7 6
TPT MEM 6 4 9 . 4 4 4  4 4  4 4 4 1 0  . 0 9 2  1 6 7 6 5
T P T L O C e 4 5  . 5 5 5 5 5 5 5 6 12 . 5 4 6 2  1 COO
*  TAPR C 4 4 » 4 0 £ t C £ 6 7 3 . 2 9 7 C 6  9 4  1
*  TAPL 6 2 6 . 3 2 5 9 2 5 9 3 5 . 3 0  6 7 2 2 7 4
F T  APR 6 3 0  . 0 3 2 2 2 2 2 3 2 . 5 6 7 2 2 9 3 8
F TAPL £ 2 9 . 4 0 C C O C O O 2 . 4 6 4 £ 7 6 9 2
GR I P R £ 2 9  . 7 5 2 2 2 2 3 3 1 1 . 2 8 2  1 2 1 9 5
G R I P L £ 2 9  .  1 6 6 6 6 6 6 7 1 1 . 2 4 5 5 5 6 4 6
*  PEGSRT £ 5 3 . 3 6 C 8 3 1 0 4 4 . 5 8  9 C5 7 9 5
*  P E G S L T £ 4 5 . 5 C C  C C 0 0 0 5 . 8 2 2 2 7 0 6 5
*  C A T T O T 6 5 4 . 0 5 2 4 0 9 6 3 e . 7 7 1 C 6 9 8 3
*  T RSBT £ 2 0 . 6 6 4 5 6 2 3 3 2 9 . 6 8 4 2 2 5 6 0
CAGE 6 1 0 . 3 4 9  6 3 3 3 3 C .  1 52  1 7 4 1 3
V 10 £ 4 6 . 7 7  7 7 7 7 7 8 2 . 9 4 2  1 7 4 6 2
P I Q £ 5 1 . 7 7 7 7 7 7 7 8 6 . 2 4 9  1 4 8 0 9
F S I Q 6 4 9 . 1 1 1 1 1 1 1 1 5 . 0 7  1 3 4  2 8 7
RPERC 6 4 2  . 0 0 0  C 0 C 0 0 3 1  . 7 9 9 2 7  1 0 6
SPERC £ 2 7 . OOOCOOOO 2 0 . 4 6 4 6  C 3 5 9
ARPERC 6 2 2  . 3 2 3 2 2 2 2 2 2 1  . 8 6 9 3 C  8 7 8
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TABLE 15 (cont'd)
Factor 6
VARIABLE
* I NFO 
COMP
S I MI L 
VOCAB 
PPVTIQ 
AUDR 
AUDL
* SSPER 
*AUDCLO
* SENMEM 
VFLU
*ARITH 
*DIGITS 
*COl) I NG 
*P ICCOM 
P ICARR 
*B LKDE S 
*CBJASS 
V ISR 
VISL
* T ARGET 
T ACR
T ACL
* F AGNR 
FAGNL
*FTWR
FTWL
ASTR
ASTL
* TPTDT
* TPTNDT 
TPTE3T 
TPTMEM 
TPTLDC
*  T A P R
* TAPL 
FTAPR 
FTAPL 
GR IPR 
GR IPL 
PEGSRT 
PEGSLT 
CATTOT 
TRSBT 
CAGE 
V I C 
PIQ 
FSIQ 
RPERC 
SPERC 
ARPERC
*
*
**
N V E AN ST AN C AF D DEVIATION
4 47 .50 C COOOO 7 .87625 S28
4 57.50CC0000 1 1 .97992147
4 48.22223223 6 .38284739
4 55.00000000 7 .93492040
4 56.83223233 12 .04159458
4 C.000 00000 O.OOCCOOOO
4 0.50C C0C00 1 .COCCCCOO
4 58.58409091 14.87639824
4 52 .437 SOCOO 14 .9166C847
4 35.652 1739 I 12 .46545221
4 37.6875CC00 4 .205225 03
4 40 .82322233 7.391 18594
4 45 .00C COOOO 10.36375450
4 52 .5C C COOOO 11.2447£548
4 52 .500 COOOO 13 . 70995853
4 5C .00000000 7•20 C 8 22 0 0
4 45 .OOOCOOOO £.38284739
4 5 4.16 666667 1C.67187373
4 0. 250 COOOO 0.SOCCCOOO
4 0.S00C0000 0 . 57735027
4 2 5•4 3 C7 692 3 21 .932 12422
4 C.000 COOOO C .OOCCCOOO
4 0.OOOCOOOO O.OOOCCCOO
4 28 .00 0 COOOO 43.01937548
4 19.50000000 45 .8512C8 64
4 4 6.95 € 57383 12 . 58624720
4 42.77209682 27.07704233
4 5 1.195 05495 7 .57121C9S
4 42.123 Cl 587 12 .53722254
4 55.93773011 4 .678 18124
4 40 .95569829 17 .875 14844
4 48. 105 16934 6.31489294
4 4 6.20 8 2333 3 10.43047126
4 45 .2629870 1 I 1.4514CC73
4 69.6 7195521 I I. 108 7 5230
4 66 .95871212 7.42C87899
4 4C.70CCC000 1 .£45 19502
4 4 1 . r.5 C CC 000 4.34012289
~i 40.55629 C9 8 10.12265182
3 42./629927c I 4 .23946277
4 55.792 48836 15 .94161894
4 55.03472222 10.434 4 7 552
4 42 .15025812 15 .2257287 1
4 — 4.95 7 45 C98 55 .88958 68 1
4 11 .4622500 C 1.84427458
4 40.82323233 9.01644588
4 51 . 16666667 5.39 8 9 C249
4 49.82223233 5.82141640
4 52 .75000000 51.23354057
4 32.50CC0 000 34.317 14829
4 16 .500 COOOO 20.72840241
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TABLE 15 (cont'd)
Factor 7
VARIABLE N MEAN STANCAPDDEVIATION
* INFO 5 38.00 0 COOOO 6 .055 3 C C 7 I* COMP S 39 .33332332 5.47722558
SI MIL c £ 4.00C CCCOO 4.24612494
VOCAO 5 44 .00C COCOO 5.47722558
PPVTIQ 5 46.53323333 10.00444346
AUDR 5 0.OOOCOOOO 0 . 0 0 0 0 0 0 0 0
AUDL 5 c.ooccoaoo 0.OOCCCOOO* 5SPER 5 50.8CG OCCOO 7.52162546* AUDCLU 5 28.040 C0C00 9 .60692459
SENMEM R 30.57391304 14.71372699
VFLU 5 51.38571429 13 .68492C20* A R IT M 5 44 .000 COOOO 6 .83120051* 0 IGITS c 4 6 . 6 6 6  6 6 6 6 7 6 . 6 6 6 6 6 6 6  7* CQOING c 4 4 t 0 0 0COOOO e .29992307* PJCCOM 5 49.22322233 6.41179469
PICARR 5 56 .000 COOOO 9.83192C80* OLKOES 5 56.00 CCOOOO 12.33782702* 00JASS 5 se.ooc cocoo 6.49766290
V ISR c C .200 COOOO 0 .4472 1360
V I SL 5 c . 0 0 0  cocoo C.OOCC CCOO* TARGET c 55.83865546 3 .5312C778
T ACR c 0.20CCOCOO 0 .44 72 12 6 C
T ACL 5 C .OOC COOOO O.COOCCCOO* FAGNR 5 50.000CCCCC 8 .94427191* FAGNL 5 52.000 CCCOO 3 .944 2719 1* F T«vR 5 se.ooc coooo 12 .7012721 4
FT WL w 56 .84 1 4624 1 2C .36462959
A STR C. 60.33142857 1 .00 IS 4932
astl 5 6 C .00 C COOOO 4.56435465
TPTDT 5 55.834 19689 5.20222763
TPTNDT 5 62 .23222223 4 . 9 02P.c 106
TPT3T c 55.84675325 2.699 11 675
TP TMEM 5 57.90CCOOOO 3 .64146973
tptloc 5 £5 .9 4 5 45 45 5 12.11676 707* T APR 5 50 .7 6 2 £3636 5 . 16949092.u TAPL c. 4 4 .391 11 1 1 1 6 .28621C6o
FTAPR a 3 9.52 0COCOO 1 .98796273
F TAPL 5 27 .24GCOCOO 3 . 24276 £32
GP.I PR 3 42.0 4 761905 7 .73190226
GR I P L ■3 38.62745098 2 .395 44936* P E G 3 R f C ,52 . 245800 1 8 1 1 .23256799* P E G S L T c. 4 9. i  -  i. f: 6 t>6 7 5.91326 193
* CATTGT c 5 4 , 8  V5 7 4 792 5 . 3056 C296
TRSOT 5 42.8 4615385 7 . 73067355
CA GE c 1 2.663CCC00 0 .56152716
V I 0 R 4 2 .80 C COOOO 2.1 05 £ 5 C59
P I 0 5 52 .72222323 5 . 1££36393
FS I Q 5 47.86666667 4 .03370166
P. P ER C c 23.000 COCCO 10.79251657
S P E R C 5 14.400 COOOO 1 4.39791652
ARPERC 5 12.20 0 COCOC e .37854403
★
Denotes dependent measures used in s ta t is t ic a l  treatment 
of data.
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TABLE 16
_T Score Means and Standard Deviations 
of Variables for Each Dextral (} Type Factor
Factor 1
V ARIAEL E
I N F  1
c c '•ip
S IM IL 
VOCA 1 
PPVTIQ 
AUDI 
AU CL 
SSPER 
a u  r  c_ o
S E N  M £.V
V FLU 
AR I T H
D I Gir s 
C O D I N G  
P I C C O M  
P I C ARR 
81.. K OF f,
o e j AO s
V ISP
V ISL 
TARGET 
TACP
T AG­
FA C-NP 
F AG ML 
FT WR 
FT WL 
AS TR 
AS TL 
TPTOT 
TPTU)T 
TPT ST 
TPTMEM 
TPT 1.0 C 
T APR 
TAPL 
FT APR 
F T a PL 
Of. 1 "> ' 
r.p r>.. 
PEGS:! T 
P E G SL T 
CATTOT 
TRSBT 
CAGE
V 10 
P I 0 
FS 10 
RPERC 
SPERC 
ARPERC
N lviE A M STANDARD 
D E W  ATI CN
P 0 42. 2 1 33.13 3 1 5.5144 6795
? 0 A e . 1 2 22 2? 3 3 6.60074599
GO 51 . f £ C6 6667 5.242 650 IC
20 A £. EC CO00 0 0 6.16299054
20 47.0£666667 8.81890579
20 C. L CCOCOOO 0.30779351
20 C.CECCCOOC 0.22 3 60 6 8 0
20 12.72566162 2 7.15813859
20 4 £ .CC375CCC 1 f,. 9 75 5 863 8.
? 0 7 ( . 3 826 C6 70 0.9 066 7611
2 C 3 E . 4 j 2 I 42 E 6 8.76841242
20 4 2.CCCCCGCC 6.155H7 011
20 *£.22233333 8.12187 86 Z
20 4 7. 16666667 8.936 09541
20 4 7.CCCOCCCO 11.1810 4745
2 C 4 7. 62232333 7.6 6819 20 7
2 C 4 9 . 2 2 2.3 2 3 3 3 7.14101808
20 f 0. 16 6 16 6 6 7 9.821506 *2
20 0, 1 5C0C000 0.489360 .3
20 C.1ECGCC00 0.67082 039
20 4 2.46666717 9.20390673
20 C. 45CG CO00. 0.99868334
20 C.65COCOOO 1.26802 709
20 52.6CCCCCCC 18.05721900
20 47.72233333 I 4,00651477
20 EG.2 6C3E97C 1 1 .45659421
20 4 f • 6 1 2 5 7 £ 7 S 18.40164 903
20 46.252C6791 13.29007013
20 3 7. 2 745 C9 8 0 13.76492625
20 52.2516C419 13.14624816
20 5 1.7 62 16 6 6 4 9. 1 2.99 3 4 14
20 51.13666669 9.542 95 853
20 4 9, 7 C 6: 3 2 3 3 3 1 1 .4 23 I 8 1 7 8
2 0 4 7 . r. c 2 4 c.2 2 C 13. 6 7 01.5615
20 •;:C. 2 7 2312 ei 1 1 .7 07 2 .14 XV
20 4 6 . 2 1 EC C C C C f?. 72 3992 07
2 0 2 1. 1 9ECCC00 5.90729034
20 26.2450C0C0 5.25601418
20 4 6.72919549 12.102 23225
2 (J 4 1. 7 y659 7 4 2 12.4 14 5 0641
20 -52.99E7C665 12.03 60 00 7 0
20 3 2. »»] £66667. 17.71956249
20 51.55739987 8.21425326
20 45.4273 6237 9.34851802
20 1C. 721C CC C 0 1.01609148
20 4 6. C2.2333^ 33.1 4.54978953
2 C 4 7.7 2 18 3333 7•56e4 7POO
20 4 6.52233323 3.91488330
20 15. GC COCCCO 12.09389901
20 9.7CCCCCQ0
i e.'cEccccccL
,_8.»..7.78562 4 0
20 ' 10.21595759
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TABLE 16 (cont'd)
Factor 2
v  AR 1 M IL E .
I N  FO 
COMP 
S I M I L  
V O C  A3  
P P V T I Q  
AU CP.
AU CL 
S S P E R  
A'J C C_ O 
SEL' MSM  
V F L ' J  
AR I T H 
D I  C I T S 
CO U I N  C- 
P I C COM 
P I C AR R 
r>L K O F c 
O 5.J AS S
V I SP
V I SL
T 4 P G E T  
T A C R 
T A C L  
F A G M P ’
P AG'JL 
FT WR 
FTWL  
ASTR  
AS TL 
T P T D T  
T PT NOT  
T P T  3T 
TPTMRM 
T F T I / J C  
T APR 
T \r»L  
r T APR  
T A P L  
GR IPR 
GP J ^ L  
P -  C i "  T 
Pc  f . T  
C A T T O T  
TP j HT  
C AC E
V I P  
p i a 
F S I O  
P P E P C  
S P F R C  
ARP ER C
N MS AN STANDARD 
PL VI ATI Cr
2 6 AS . 2 84 6 1 6 3 6 G•662HP4 6 7
2 6 . a 9. 1026 64I C 9.4 072167?
2 b 5 A. 1C 2££4 I C 7.19924023
2 6 A 7. 3C 7692JI 5.65836496
2 b A 7. A671 70 49 7.933 74272
2 0 C * I L £32462 .0.32531 259
2 b C.23C76023 0.42 966 392
2 6 2 f . £ 7 £ 3 4 9 £ £ 16.82874 I 05
26 A 2 » £ A 13 4 61 5 15 .1 168960H
2 t 3 7. 2 042 SC 9 A 13.0 66 36 I 54
2 6 3 E . S 1 I 3 I 3 1 9 3. 73 736943
26 46. 6 6.6 6 6 6  6 7 7.18021974
2 £ 46. 76 9-2 3 077 7.0274 1383
26 SC.CCCGCOCO 1 C. S4 092 55 3
26 £2. £ 46 I £3 66 9.77337230
2.6 5C.H97 4 359G H . 086 0754 0
2 0 S2. 6r;2 3 0 76 9 9.14180778
2 0 £ A. 6 I £7 £4 £2 10.33126530
2 6 C.£38461£4 0.35933 785
2.6 C.922C7£92 2. 2436/2344
26 4 £ . 63 6-3 54 1 C 10.074 76456
26 C-9fc1535 46 1 .58696614
2 6 C.923C7692 1 .2937 7206
21 -7.CCCOCCCC 39.096 867 04
2.6 1 6. . 4 1 0 2 £ 6 A 1 2 e. 688 72 I 39
2 6 4£. 4 F£ 6 £ 7C 2 12.02518822
2 6 At. c c 51 81 25 18.616 6982 9
2 6 3E.7 2772612 15.35790547
26 40.94124329 13.86624828
26 S3. 66 46 539 B 6.13303695
2 6 £ C . AC £7.14 64 8.665934 09
2 6 AC. f 4 0 6 £ £• 1 3 I 2.69366074
2 £ £2. 16 23 C76 9 10.0 85 92 995
2 f A t . 7 f: 2 2 4 6 7 5 1 1 . 234l 5796
26 £ a . c 077 234 1 9 . 17922365
2 6 4 2. 2465 52 C 0 0.33370767
2 6 30.£3076023 4.31003528
2 6 ?5.C£ 1 I 536 £ 6 • 0 9741409
2 A £ C • 9:; 97 91 C f 1 4 .215 3 06 75
2 A *\ » S £ .5 * i A 0 I 3 .53 7037 02
2 6 £2 . 143761 C 9 I 1 . 372 92 790
2 6 76. 99 766325 14.2 53 3 66 3 4
26 £C . 9 7 42C72 6 8.05263230
2 6 4 0. 4 £ 2 c C 6 3 5 12.694 6 8352
26 1 C. 72 Cl 1 53 £ 1.27663620
2 6 4 7. 61 £3 54 62 5.21254240
26 £ 2. 2:232233 8.22736593
2 6 50. 2 £ 69 7 4 3 6 4.75247124
2 6 1 7. 1 1 £3 64 6 2 20.50429599
26 I 2 . 6 0769221 15.85430546.
2 6 22. 3646 I 538 1 4 . 0 0 0 2 1 9 7 8
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TABLE 16 (cont'd)
Factor 3
V AR IA EL E N N'c. A H STANDARD 
DF VI AT ICN
* INFO 1 8 AC.92S92593 5.6 94 34401* CO VP 1 P. A 5 . 1 OS 1 Of: I 9 7.3 4 065 706,
S L M II. 1 0 5 1. es'iosi'c 5 9.30403119
VOCA3 1 P. At. 6 1 86 66 6 7 0.244 62590
p p v t io i e 5C.22222222- 8.08452 03 3
Auer? IS . C.0EESS556 0.23570226
AU CL is c.osesEsse 0.23570225* SSPER 10 AC.C5S050E1 Ifi.0 83 4 55 04* AU C CL fl 17 AC. 1 7 £4 ?C5 9 10.19371157
SE'JM-'ZM 1 7 3 2.F4143223 1?.15 060573
VFLU 1 7 2f.02S21 CCS •8.4 052 55 1 0* AR 1 TH I 0 A A.G7407407 7.546.552 70* D I GITS 1 0 fif. 1 I 1 1 1 1 1 1 0.94792407
* COO IN C- 1 0 48.23332333 7.94178163* P  I C CO M i a r C . 1 C S 1 Of: 1 S 7.1831522 4
1’ I C AR R 10 f 1 . 1 I 1 1 11 I 1 1 1 .2 6043452* EL-OES l e f.C . cccooooc 7.0 4 7921 86* 0 E J AS 3 io 8 A . *446 44 4 4 8.5558526 4
V ISR l e c . 4 A 4 4 4-4 4 4 0.85558520
V I SL 1 0 0. 7 1777770 1.^2676369* T ARGET l a 40. <CS1 67 71 !c .86263 6 08
T ACR 1 e C. £ S ES55 5 6 0.70382338
T A CL 1 E C . 22222222 0.54831088* FAGNR 1 o 4 6. £ 8880809 14.55573013
F A C-NL 1 0 37. C CCOCCCO 33.214 10048* FTWR 1 n - 2.9124 04 4 7 34.6 84 2 6834
FT WL 1 o' 1C .*0 58 614 60 50.3 0599270
AS rR 18 35. 38681319 13.38143770
A S TL 1 p. 4 1.42857143 16.24 I I 5574* TP TOT i a 5 0. 50E361C 7 5.93 715195* TPTNOT 1 0 4 6.45219133 I 1 .751 2 0333
t p t  et l a 4 2 . C2 423Ef5 16.02606056
TPT At£M 1 0 6 r . 2 8 7 0 3 7 C 4 9.31174 07 0
TPTl.f) C j p. r. i . r-1 e i p i e 2 13.65052.6 3 1* T APR l e 5 2. 6927 383 3 12.9692161 IX 1 A'' L i n 2 5. 07C2 56 I 4 8.7077014 5
I-T ,\;5R 1 c ’’ '■ . 35CCCCC0 7 .34936972
FTA ->L l e 1 . cl 823 33 33 7.33919774
GR I nR 7 ■«-. 9 3 = 6 34 EC 12.7 56 69805
GR I PL 7 7 5 9  9 6 na  2 11.34419413
* PECSRT 1 7 49.27 4 2 803 2 14 . 75607597
* PEGS-T 1 7 22.078 4 313 7 50.928 87508
CATTOT 1 4 9 . c£567607 7.35919171
TRS 3T i  e 44. 27 51 19 E3 8 .  172 I 13S3
C ACE l p. 12. 81 7CC0CC 1.4014 8 858
v ::. l a. 4 4. t. 8 eb as e 5 <,.6.26641635
P 10 1 8 5  1. 14 E1 4 015 8 .06770551
fs ro 1 0 48. CCC0C00C 5.954 07259
RPERC l  a 16.9444444 4 1 1 .80962329
S P  ERG 10 12.16 666667 1 5.2 054 556 8
ARPERC is’ 1*4 . S S55 5556': 10.45563300
I
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TABLE 16 (cont'd)
Factor 4
V A R I A B L E n ME A N S T A N D A R D  
DC V I  AT I CN
I N F . ’) I 1 A A , F ' 1 F A y A r 5 7 . 6 5 4  1 3 0 9 6 .
COMP 1 1 a c .  e.cc Lcr,e.7 A .  3 2 4 5  5 6  .38
s im r_ 1 1 5 A.  2 4  2 4  2 4  2 A 5 . 9 7 0 7 6 3 5 5
V O C  Act I  I 4 F . 7 5 7 5 7 5 7  6 6 . 3  4 0 5 0  6 3  0
P P V T  I 0 1 1 5 0 . 7  2 7 2 7 2  7 3 7 . 5 4 5 1 5 0 2 9
AU CR I 1 C . 2 7 2 7 2 7 2 7 0 . 6 4 0 6 6 9 7 9
AU CL 1 1 C . C 5 C 9 C 9 C 9 0 ,  3 0 1  51  1 3 4
S S P E H 1 1 E C .  A E A G S F G 8 .  7 4  0 1 7 3 5 7
A'J C CL 0 1 1 A S .  51 1 3 c J 6 4 1 0 . 9  7 6  0 3  2  7 7
SEA M E »1 1 1 4 1 . C 7 6 2  F A S H 9  . 0 9 5 9 2 5 7 5
V F L U I 1 ? F , C ; 7 F S 7 1 A 3 6 . 9 9 9 3 6 2 2 2
AR I TH 1 1 4 7. 575 7 5 7 5  P. 7 . 1 6 3 3 1 « 4 6
D I G I T S I  I A C .  3 9 2 9  3 9 3  9 6 . 9 5 3  I 0 6 2  4
CO D I M  G 1 1 A A . B 4 S 4 S 4 5 S 9 . 3 4 1 0 8  7 3  3
P I C CO M I 1 S C .  2 C 3 C 3  c:i C fi .  7 5  0 1 8 0.3 7
P I C AR R 1 C 1 2 .  C. C £ 6 6 6  6  7 1 1 . 6 3 2 2 2 4 2 9
HL K OES 1 1 f. C .  C C COCO OC 5 . 1  3 9 7 7  7 3
O 0 J AS S 1 1 A 7 . 5 7 5 7 5 7 5 S 1 1 . 1 6  4 5 1 5 1 1
V I OR t 1 c . c c c o c c c o C . O C O O O O Q O
V I SL 1 1 c . i f  i  *  i e i e 0 . 4  0 4  5 I 9 9 2
T AR GET 1 1 ? 7 . < i f  a 2 ? a e 1 3 . 2  0 2 9 6 9  3 9
T ACR 1 I C . £ 4 5 4 5 * 5 5 1 . 2  9 3  3 3  9 5 8
T ACL 1 1 C . C 9 C 9 C 9 L 5 0 .  .3 01 5 1 I  3 4
F A G' lR 1 1 5 2 . C C C C C C O C 6 . 1 3 1 5 6 3 8 9
F A G N L 1 t 2  r-. 6 4  L4 0 4  6 5 2 0 . 9 9 3 3 1 3 0 3
F T s R 1 1 5 4 .  2 2  3 0 C 2  C 7 1 0 .  0 . 36 7 0 5 4  7
FT WL I 1 5 2 .  1 5 6 6 7 C 9 7 I 6 .  9 2  7  0 7  0 7 3
A S T R 1 1 5 2 .  0 5 1 9 4 R  C5 ’ 7 . 1 5 0 4 8 0 9 2
A S T L 1 1 5?.. 3 6  4 3 4 7 6 6 7 . 1 7 2 0 4 6 9 6
T P T D T 1 1 5 2 . 2 5 2 2 5 3 5 2 6 . 7 5 7 2 8 1  1 4
t o t n d t 1 I 5 1 . 6 7 9 4  6 6  6 2 5 . 7  0 5 6 3  8 0 0
T h t r t I I 4 7 .  < 4 0 1  i  S S 7 8 . 6 1 9 8 4 5 2  3
t p t m e m 1 1 5 2 . 9  5 4 5  4 5  4 5 1 0 . 0 1 5 3 6 8 6 9
T P T L O  C 1 I 5  0 . 9  6 6 2 2 5 9 0 1 0 . 7 5 1 8 7 9  19
T APR 1 1 6 5 . Ci EPSe? 6 9 6 . 8 9 0 7 9 7 9 9
T \ n L 1 1 3 9 . 6  4 7 0 6 7 9 7 9 . 2 2 1 3 1 6 9 9
r r •■iJR 1 1 3  4 .  1 6 6 3 5 3 6 4 6 .  7 8 71 3 ?  9 7
FT A'<L 1 1 2 2 .  44  5 4 5 4 5 5 t>. 0 0 - 5 5 8 9 5 5
GR 1 PR 
OP 1 <’ L
f : 5 1 . 1 9 1 1 ? f 7 11 . 2 3 5  8 5 C 7 I
C. 4 2 .  6 2 0 4  0.2 2  7 1 2 . 6 5  °. 2 3 4 L> 3
P ^ G S R  T I f ‘- ■■2 . 6613  HU 4 5 I 4 .  7 8 4 6  t 8 4 7
P E G 3L T 1 1 TC . e4 3 0  3 0  3 9 1 0 . 0 5 3 5 7 4 2 2
C A T T O T 1 I 5 2 .  7 5 C C 78 21 8 . 0 7 6 6 7 4 6 5
T R S HT 1 1 5 C . 4 9  62? 5 4 4 6 7 . 3  4 0 6 0 1 7  0
C A C E 1 1 I 1 . 7 9 66: 26 3  6 1 . 2 4 2 8 3 3 5 6
V I U 1 1 4 7 .  ? 5 7 5  7 5 7 b 5 . 1 3 1 7 9  8 2 8
P I c 1 1 4 1 .  4 2 / 2  4 2 4 2 7 . 4 0 7 3 4 0 0 7
F S  IQ 1 1 4 7.  £ 7 £ 7 e 7 f- 0 6 . 3 5 0 3 2 3 9 0
R P E R C 1 1 < C . 4 5 4 5 4 9 4 5 3 2 . 8 2 1 8 3  3 0 9
S P E R C 1 1 4 2 .  5 4 5 4 5 4  5 5 3 3 . 0 1 6 2 4  9 4 4
A R P E R C 1 1 2 4 .  9 C 9 C 9 C 9 1 2 1 . 9 6 5 6 7 5 7 0
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TABLE 16 (cont'd)
Factor 5
V A R I A £L E M ME AM S T A N D A R D  
Df.: V I  AT  I CN
* I M FO 1 B A £ . 5  1 f £ 1 P £ 2 7 . 4  51  1 2  3^. ?
* C 1 MP 1 P A C .  C7A C 74 C 7 8 .  5 4  C-98 5 6  I
S I M I L 1 P. 5 2 . ?  1 1 7 7 7 7 P 7 . 8 5 9 0 5 2 4  8
V O  CAB 1 8 S C .  1 8  £ I  8 5  1 7 .  0 9 T  5 7  0 5  7
P P V  T 1 Q 1 8 5  0  .  A P 1 4 8 1 A 8 8 . 4 5 0 7 2 0 0 6
AU OR I  8 C .  C CCOCCOC C . 0 0 0 0 0 0 0 0
AU CL 1 0 C . C C C C C C O O 0 .  0 0 0 0 0 0 0 0* SSPEP. 1 n 8 £ .  C2 /; C I 01 C 1 6 . 2 9 t 9 7  8 7  8* A U O C L O 1 P. A S . 2 9 3 0  5 5  5 6 1 3 . 7 3 1 1 2  0 2 1
5 EN -IF. V I  H r. .  6  P 1 ! £ 9  A 2 1 1 . 4  3 1 0 0 4  0 1
V ^ L U I  8 4 C . 9 2 8 5 7 1 4 3 6 . 0 9 1 7 6 3 1 0
* AR I T H 1 8 A C . 5 2 £ 9  2 5  9 3 o . 0 2 8 8 5 8 2 2
* D I G I T  r, 1 P A I .  £ £ 2 3 3 3 3 3 7 . 1 4  0 0 5 5 4 7
* cor ;  p i  c 1-3 A ? . 9 6 2 9 6 2  9 8 6 . 1 4 5  1 8  1 3 ?
* P ICCC1M 1 »J c_: .  7 ( 3 7  C3 7 C ° .  4 0  c> 5  1 1 8 6
P I  CAP R i e £. C .  CCCOCOOO 8 . 6  5 5  8 6 ? 6 4
* P L ' - O c S 1 8 8 e . A B 1 A 0  1 A 8 9 .  1 0 8  7 9 °  3 2* n n j  AG s I B 5 C . A 8 I A t i l  A P 9 .  7 2  8  I 8 7  9 9
V I r>R i a C . 2 £ 3 2 3 2 2 3 C . 9 7 0 1 4 2 5 0
V I S L i e C . 1 £ 6 6 6 6 6 7 0 . 5 1  4 4 9 5 7 c .
* T AR r  ■= r l  e 2 8 .  C 7 2 3 8 6  C9 1 0 . 7 7 0 6 8 7 1 9
T A C  ■>. I B 0 . 2  7 7 7 7 7 7 8 0 . 8 2 6 4 4 2 0 9
T ACL 1 8 C . O f 6 5 S 5 5 G 0 . 2 3 5 7 0 2 2 6* F A  GMR 1 8 £ 3 .  A A A A A A a A 1 2 . 3  8 2  2  6 5  91
F A GNL I B 5 .  1 A £ 1 A 8  I 5 3 . 8 7  0 8 2  6 4  0
* FT WR 1 F A 1 .  I ? ?  / 2 5 b  9 21 . 3  8 3 9  8 6 2 6
FTWL' 1 p. 3  7 .  5 6 CA 0 0  7 6 1 5 . 0 4 8 4 6 9 3  6
A S T R i a 4 2 .  7 6 6 9  51 5  7 1 5 . 6  8 6 4  8 2 5  9
AS TL i p 4 2 .  1 8 2  0 2 0  9 6 1 4 . 2 2 2 7 0 6 2 9
* T P T D T 1 8 5 C . 9 7 C 6 C 4  0 5 9 . 3 9 1 7 9 2 5 3
* T P T N 0  T i n A C .  2 7 C 9 0 P 3 £ 7 . 2  3 7 3  4 0 5  0
T P T  HT I B A ( .  C5  f  5 21 2 7 1 3 . 6  0 9  7 9 4  0 0
TPT. MFM l n A £ . 0 2  7 7 7  7 7ri 9 . 5 7 5 3 3 7 6 7
T P T L U C l p A 2 . £ i  1-1 6 B C 6 1 0 . 5 2 4  3  8 8 2  8* T APR l r 6 C . £ ? t  4 £2  4 4 6 . 7 7 B n ? 3 9 7
* T A P L i  ? A A . £ t ; 0 S 1 6 ? 7 8 . 9 2 4 1 2  5 0 0
FT  APR 1 8 2 a .  I 2 2 £ t £ £ 9 A . 9  8 2 4 4 2 2 8
FT  APL 1 H 2 1 .  7 £ 2 £ £ B £ 9 6 . 5 2  4 3  6 2  AS
CP r ’ R 1 A a C.  7 C E C £ 5  £ 5 1 1 . 0 0 9 1 0  0  7 ?
CP I PL 1 A A 1 . 6 1 . 9 3  0 3  6 0 9 . 6 5 6 7 6 8 7 4
* P F  G S R I I 8 5 2 .  11 OA 3 3  I 5 1 0 . 3 5 5  3 6 9  4 4* P E G  >L T 1 I! 7 7 .  0 6  « 7 5 3  CO 1 3 . 1 9 5 3  8  1 4 P* C A T T O T I ° A E.  4r.  C l  7 2  2 2 6 . 6 1 3  1 9 4 . 4 0
* T R S R T 1 ti 9 .  1 4  9 6 £2  1 6 2 9 . 9 8 7 7 3 4 9 2
CA CE 1 P 1 1 . 13  6 2 7 7 7 8 1 . 4  9 H 4  9 0 9 6
V I Q 1 o 4 5 . 7  7 7 7  7 7  7 6 6 . 3 6 1 6 4  9  8 0
P I G I B 5 2 . 6 2  9 6  2 9  6 3 6 . 5 6 5 6 7 3 5 9
F S I O 1 8 4 P .  9 2 5 9 2 5 9 3 5 . 0  7 C 6 7 1 0 4
p p f r c 18 2 2 . 2  7 7 7 7 7 7 5 1 8 . 5 9 7 2 9 7 5 8
S P  ERC 1 8 1 2 . 5 C C C C C C C 1 4 . 9 5 1 8 8 3 6 1
ARP ER C. 1 8 1 6 . £ 5 5 5 5 5 5 6 1 2 . 1 3 2 7 0 8 4 5
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TABLE 16 (cont'd)
I
Factor 6
V AR I AELE M MT- AM STANDARD 
DE VI ATI CN
* I NFf) r* A A. S£322323 3. 053 75127* p EC. 41 COST67 B.62581 PAD
S I M IL 0 81. € ££6 660 7 A .7140452 1
VO CAD B 49. 1 f£6 6 66 7 A .62910050
PPV TIQ e f>C. £6 666667 8.9796940 I
A'J CP 8 C.CCCCCCCC G.00000000
A11 CL P. C. CCCCCCCC 0. 00000000* S5'*EP P AS. 6037 EC CC 9.2 64 56731* MJCCLO H 5 2. 2< SOP5CO 15.63927 027
SEN -1E.1 8 3 H . ? 0 f 6 V 1 7 A 11.02972073
VFI.’J G A 1. 66 JO 357 1 10.05702468* AR I TH a A f . 8 j 2 3 2 3 3 3 6* 6 0687 A 7 3* D t G IT S a A 7. 5CCCCCC0 8.11621931* COO IM G p. 62. C03323 33 12.2 C68807 0* PICCOM a 5 A. 1 A£6 666 7 12.81 73 9869
P I C APR p t» 6 . 7 *i C 0 0 0 C C 11.67516697* til. .< CSS n 5£. £ t £6 660 7 9.920317A6
0 P ) AS S c F f . 7 6 f o c r c. C 7.54 61642F
V 157 a C. C C CCCC CO 0.00000000
V 1 SL 6 C.2 5C0C0CG 0.7 071 067 3* T A R C S T 0 52. A I 12 6 67P 7.3 69112 29
T AC.J e C. 12 SC COCO 0.35355339
T A Cl. p. C.2SCCCCCc 0.70710673* FAGNR F K .  5C00C CCC 7. 91 02 I 04 0
F A CNL h 52. C 63336 33 7.69198717* FT WR « S3. 62AA 73 21 5.36 737093
FT •.•<!_ a EC.2CC75758 i1.9ol72 831
45 TR 8 AC. 6S5 0 Cl '9.42301113
AS TL 8 A A. 62A I 03 01 I 0.91673 069* TP TOT a 67. 4fJ 2 H 6 5 A 6 3.95984768
* T 31 NOT 8 r 5 . C r S.? 7 f 1 1 4.8 7897679
TPT RT e. 5 2.145/5163 7.87916813
T"T 1EM n 5 2 . c:;CO2333 12.9417 0001
TPTLOC P A £ . 6 A C 3 2 I £ 5 1 1 .2 03 76 6 92* TAPP. P A A. C C4968S7 8.67334446* T API. 8 2 A. A j 7 9 28 2 9 7.2 6459036
FT APR (i 7 6. 62126C PC 4.5 4 0**767 3
FT APL n 2 7.7 26756CC 2.4637*533
GP I PR P A A . 1 7r5 6 -P.il 10.24 >1 7°.3'»
G'J I PI. « ;.A, 7 7;.’A 7*)?’ 1 1 1 . 1 34 1 3 635
* P F C '< T ► 1 57. 7760 COC3 7.21381 92 I
* PI:' C 3_ T p 4 '  » :• 1 2 6  c c c c 13.8013 6510
* C A T TO T P. 5 1 . 65 5 5 3A A 8 8. 19731483* TRSOT t SC . 2350 8015 1 0.42916526
C A G E a 1 C. 7C725CC0 0.930912 I 0
V I 0 8 47.502 33333 . 1 .7 0666295o i  o a r- f . s c c u c c c c 8.17079585
FG IU e s . c c c o c c c o 3 . 9359958 7
RP ER C R 27.E75CC0CC 31 .96175170
S P E P C F 22.2 5C0CCCC 2 7.51493101
A R P E R  C a 22.62 50GCC0 7•0547 0741
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TABLE 16 (cont'd)
5
i
Factor 7
V AHIAFLE M M£ A N STANDARD 
DE VI ATICN
INFQ 1 5 A 2 . 2 2 2 2  ?P PP. 5*°0823c>0 7
CO '*P 1 5 :> 9. V/ 7 7 7 7 f >0 6.33 004136
s r ‘4 il 1 5 52. t F r 6 16 6 7 6.57073840
VO C AH 15 A 6.2 22222 22 7 . 1 L 2 I 0 3 1 1
PPVT 10 I 5 Ft. A 4A a A A A 4 155.03040037
f i'j h r 15 C.CCCCCCCC .. 0.00000000
AU CL I 5 0.CCCCCCCC C.000 00 000
SSP cR 1 F AS. S3 cf. 96 97 7. 3 76 3 8 85 6
AU CCL n 1 r* A 5 . 1.0 5 C C C 0 0 0.50040537
SEN'1 r!M 1 5 12 . 5 7 1 0 1 A A 0 14.1 96.34 706
VFLU 1 5 AO.7238C95? 7. 31 1 4602O'
AR ITU 1 5 42. d f C 6 6 6 6 7 6.92361957
0 I .C IT 5 1 F A A. < CCOCCOC 8.3 76 00 084
CO L IN 0 1 5 5 7.2 2232223 7.5 8025840
P ICCOM I 5 5 (■. /. <. i c t  d 6 7 9.5 7 94 14.09
PI O P R 1 5 4< .7777/770 9. 71 583 058
•2LK9ES 1 5 54.CCCCCCOO 6.4 4 882 I 72
0 8 J AS S 1 F 25.7 7 777770 0.4 95 252 33
V I 3R 1 5 C.0 C £56667 0.2 5019039
V I SL 1 5 C. C C CCCCOC C.00000000
r 40 GET 1 5 5 1 . 1 SC92954 7.4 0846 1 14
T ACR 1 5 C. 1 223 3333 .. 0.351 86578
T ACL 1 5 C. 123.3 23 33 0.3 510657 8
FAGNR I 5 57.72232333 7. 77786848.
F A CNL 15 5 2.CCCCCCCC 8.6 595 04 31
FTWR 15 5 ? • S 7 1 5 0 C P 9 9.855 914 6 0
FT WL 15 53. 64.C872 1 4 10.46090372
AS TR 1 5 51.4 1809870 12.04 0d4 098
A STL 1 5 A 9 . 2 I 69 2 12 2 10.75631576
TPTOT 1 5 5 1. C0910 7EC 7.49769735
T PT NOT 1 5 5 1 . 5 2 2 5 5 2 V? 7. C9080906
T P T 0 T 1 5 5 C. 2( C-2 6 C4 5 12.13097635
TP T M^ V 1 5 f 8 .  4 I 1 1 I I 1 1 9  .  4 4  8 2 0 8 5  .3
TPTLO C 15 4 p .  n 3 4 /■ 3 2 o 9.66 794 7 36
T APR 1 5 63.5250763C 9.51356161
T At’l. I  5 5 C . 5.2 1 8  1 r. 1 0 7.91030147
FT APR 1 5 3  4 ,  IS 7 3 2 2 2 3 5.3 99 392 15
r  r a p l 1 5 3 7 . C7 2 3 2 3 3 3 5. 6.93 I 4 335
G".> ]T .) 1 C 4 r,. /, o r o ) 1 M.05763 90 I
GO I 0. 1 0 3 V. . (-. r- 2 i 3 1 a t 11.79510201
Pf .  OSU T 1 5 5 5 .  0 0 5 5 1  0 2  6 11 .0614 6421
P I C  >L T 1 5 45. f5 74 C74 1 15. 3330215 7
CAT TO T 1 5 £E.«:-2S62eei 7.454174 02
TUG =T 1 5 50.772514^3 7.03480431
CACE 1 5 I 1. 72 6 4 666 7 1.69719600
V IQ J 5 42.6f £88389 4.76672772
P I C 1 5 55.05 55555c 5.71529092
FS 10 1 5 4 0.42 22 22 22 4.02 62 94 82
UP FUC 15 2 2 . 22232223 14.821044 10
SP £R C 1 5 t 4. 12233323 12.99377140
ARP ER C 15 10.26666667 10.06 739196
*Denotes dependent measures used in s ta t is t ic a l treatment 
of data.
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subtest score that was above the 30th centile , whereas both the 
Spelling and Arithmetic mean subtest scores were below this 
centile level.
For the right-handed sample, Table 16 indicates that the 
mean ages, save one (Factor 3 ), were quite similar across factors.
The corresponding values for Factors 1, 2, 4, 5, 6 and 7 were 
10.72, 10.73, 11.79, 11.13, 10.70 and 11.72, respectively. Factor 
3 exhibited the oldest mean age value at 12.81. On the WISC,
Factor 1 exhibited the lowest mean FSIQ, Factors 2, 3, 4, 5 and 7 
were fa ir ly  similar and exhibited s ligh tly  higher mean FSIQs, and 
Factor 6 showed the highest mean FSIQ. In a l l  cases, mean PIQ exceed­
ed mean VIQ, although by varying amounts. For example, the smallest 
difference between the two was found for Factors 1 and 4. Factors 
2, 3 and 5 exhibited very sim ilar and s ligh tly  larger VIQ-PIQ dis­
crepancies. F ina lly , the largest VIQ-PIQ differences were seen for 
the group of children who constituted Factor 6, and for those 
individuals who madeup Factor 7. On the WRAT, with the exception 
of Factor 4, a l l  of the factors exhibited Reading, Spelling, and 
Arithmetic subtest scores that were a l l  below the 30th centile rank­
ing. For Factor 4, Reading and Spelling subtest scores were above 
the 30th centile , while Arithmetic was below this value.
Plots of the T score means of the variables used in the 
factor analyses procedures for each le f t -  and right-handed Q factor 
are shown in Figures 3 to 16. Visual inspection of the factor pro­
f i le s  suggested that Factors 1, 2, and 3 of the s in istra! sample 
exhibited almost identical characteristics to Factors 2, 1, and 3 
of the dextral sample, respectively. Table 17 contains the Pearson
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TABLE 17
Pearson Product Moment Correlation Coefficients for 
Left-Handed and Right-Handed Q Factors
Lz^t-Handzd F a c to r Right-Handzd FactonA
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Lz^t-Handzd F a c to r
1 1.00 .02 .20 .06 .03 .34 -.01 -.01 .94 .12 -.12 .03 -.22 -.16
2 1.00 .08 .16 .16 .11 .28 .84 .26 .07 .01 .55 .46 .37
3 1.00 -.16 .14 .30 -.19 .08 .18 .84 -.04 .41 -.01 -.00
4 1.00 .29 -.08 -.11 .21 .07 .11 .20 .11 .16 -.08
5 1.00 .29 .19 .07 .02 .13 .13 .52 .49 .01
6 1.00 -.02 -.01 .31 -.01 .13 .66 -.30 .06
7 1.00 .19 .13 -.06 .21 .30 .46 .55
RZgfit-Handzd FacXou
1 1.00 .26 .25 .14 .48 .47 .42
2 1.00 .17 -.06 .17 -.03 -.04
3 1.00 .11 .33 .26 .19
4 1.00 .21 .24 .33
5 1.00 .32 .36
6 1.00 .36
7 1.00
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product moment correlations based on comparisons between mean J[ 
scores for a l l  variables between a l l  possible pairs of subtypes. 
Indeed, as can be seen from this tab le , the correlation coeffic ient  
between Factor 1 of the left-handers and Factor 2 of the r ig h t­
handers was 0.94; between left-handed Factor 2 and right-handed 
Factor 1 i t  v/as 0.84; and between left-handed Factor 3 and r ig h t-  
handed Factor 3 i t  was again 0 .84. These values are indicative of 
the high degree of s im ila r ity  between the pattern of mean J  scores 
fo r  these factors. The profiles of test performances associated 
v/ith the factors, as well as the correlation coefficients between 
factors were interpreted to define three highly s im ilar subtypes 
of l e f t -  and right-handed children. The three factors from each 
handedness sample accounted, for a total of 86 (78%) of the l e f t -  
handed and 64 (55%) of the right-handed c lass if ied  children 
(Table 14).
Comparisons between the remaining factors revealed that 
Factors 5 and 6 from the left-handed sample correlated with Factor 
5 from the right-handed sample at 0.52 and 0 .66, respectively. 
Factors- 7 from each handedness sample were found to correlate with 
each other at 0.55. Factors 4 from each handedness sample exhibited  
very low intercorrelations with a l l  of the remaining l e f t -  or 
right-handed factors. Visual inspection o f the JT score plots for  
a l l  of the above comparisons revealed factor profiles that were, 
fo r  the most part, quite d issim ilar. F in a lly , the number of child­
ren who constituted Factors 4, 5, 6 and 7 fo r  the l e f t -  and r ig h t-  
handed samples differed considerably. The membership distributions
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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can be ascertained from Table 14. For the left-handed sample,
Factor 4 was comprised of 9 children, while Factors 5, 6 and 7 
had only a small number of subjects within each (6, 4 and 5 
children, respective ly). On the other hand, for the right-handed 
sample, the smallest factor (Factor 6) included 8 children as 
members, while each of Factors 4, 5 and 7 were seen to have a size­
able number of c lassified  subjects (11, 18 and 15 children, respec­
t iv e ly ) .  On the basis of the factor analyses solutions, the r ig h t-  
handed sample o f children would appear to constitute a much more 
heterogeneous population regarding patterns of performances on the 
battery of neuropsychologic measures administered.
Cluster Analyses Solutions
The results of the multivariate cluster analyses proce­
dures are reported on as follows: (1) cluster solutions derived
from the left-handed sample; (2) validation of the s in is tra l c lassi­
f ications; (3) cluster solutions derived from the right-handed 
sample; (4) validation of the dextral cluster results. Included 
within the discussions on the cluster solutions are reports on the 
Pearson product moment correlation coefficients based on compari­
sons between mean J_ scores for a l l  variables between a l l  possible 
pairs of factors and clusters. Also, the results of misclassification  
comparisons between _Q type factors and cluster groups for each 
handedness sample are reported.
Left-Handed Cluster Solutions -
The 1_ score means and standard deviations of cluster­
ing variables fo r the left-handed sample are presented in Tahle 18.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 18
_T Score Means and Standard Deviations of 
Clustering Variables for the Left-Handed Sample
Variable Mean S. D.
INFO 42.960 6.616
COMP 47.701 9.513
SSPER 36.026 20.729
AUDCLO 49.989 15.771
ARITH 43.167 6.688
DIGITS 44.553 8.588
CODING 48.218 9.591
PICCOM 53.891 9.462
BLKDES 51.427 8.037
OBJASS 53.353 9.104
TARGET 41.337 13.511
FAGNR 31.306 34.838
FTWR 37.865 30.838
TPTDT 50.328 9.664
TPTNDT 48.198 14.028
TAPR 50.974 11.291
TAPL 46.765 12.660
PEGSRT 45.133 17.018
PEGSLT 43.615 15.757
CATTOT 49.798 9.287
TRSBT 38.521 21.122
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I t  was clear that many o f  the measures deviated s ig n if ic a n tly  from 
a normal d is tr ib u tio n , suggesting the presence o f m ultip le popul­
ations ( i . e . ,  subgroups or c lusters) w ithin the data (Morris e t  a l . ,  
1981).
The hierarchical trees (dendrograms) obtained by applying 
the group average and centroid sorting agglomerative hierarchical 
techniques to the s in is tra !  data set are presented in Figures 17 
and 18, respectively. Both dendrograms indicated c lea rly  that the 
data was structured and contained several c lusters . To aid in 
identify ing the number o f clusters present in the data, Table 19 
presents the clustering coeffic ien ts  ( i . e . ,  an indication o f the 
amount of variance accounted fo r  a t each step o f the clustering  
process) of the group average and centroid sorting methods. Plots 
of these values against the number o f clusters are seen in Figures 
19 and 20. The sharp decrease from a fou r-c lu s ter  to a three-c luster  
solution depicted on Figure 19 suggested that two clusters were 
combined to form a heterogeneous c luster ( i . e . ,  one with a high 
degree of w ith in -c luster v a r ia b i l i t y ) .  Thus, the more homogeneous 
four-c luster solution previous to th is  fusion was chosen as the 
terminal solution. The number o f clusters present in the centroid 
sorting results was not as c le a r-cu t. The graph o f  the clustering  
coeffic ients fo r this method (Figure 20) did not reveal any s ig n if ­
icant precipitous changes in the plots of these values. Most changes 
were quite minimal and o f  s im ila r  magnitude. However, since the Q 
technique of factor analysis applied to the same s in is tra l  data 
set suggested what appeared to be the presence o f four reasonably
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 17 . Hierarchical tree using group average on s in is t ra l  sample.
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Figure 18. Hierarchical tree using centroid sorting on s in is t ra l  sample,
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TABLE 19
Cluster Coefficients of Group Average and 
Centroid Sorting Hierarchical Agglomerative Methods 
for the Left-Handed Sample
n of 
Clusters
Group
Average
Centroid
Sorting
10 .213 .330
9 .187 .316
8 .157 .326
7 .153 .290
6 .141 .266
5 .128 .225
4 .124 .237
3 .054 .218
2 .045 .213
1 .012 .023
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Cl
us
te
rin
g 
C
oe
ff
ic
ie
nt
s
140
.40
.36
.32
.24
.20
.16
.12
.08
Number o f Clusters
Figure 1 9 . Plot o f group average hierarchical c luster coeffic ien ts  
fo r  s in is tra l  sample.
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10 9 8 7 6 5 4 3 2 1
Number of Clusters
Figure 20* Plot of centroid sorting hierarchical c luster coeffic ien ts  
for s in is tra l  sample.-
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strong and interpretable factors , a four c luster solution was f e l t  
to be a plausible c r ite r io n  to adopt fo r  termination of the clus­
tering process.
In an attempt to correct fo r  poor i n i t i a l  p a r t it io n s , the 
i n i t i a l  cluster solutions from the group average and centroid sort­
ing methods were each subjected to a i te ra t iv e  relocation procedure. 
The method attempted to c la r i fy  the c luster solutions by searching 
fo r  subjects which should be reallocated to another group. An 
index of the s ta b i l i ty  of the solution was also provided by exam­
ining the number o f  subjects that changed clusters during i te ra t io n .  
For the four-c luster solutions from the group average and centroid  
sorting analyses, only 7% and 9% o f the subjects, respectively , 
were actually  placed in a d if fe re n t  c luster. To improve further upon 
the corrected solutions and to increase the like lihood that 'global 
optimum' solutions had been reached, the relocate procedure was 
repeated using a d if fe re n t s tart in g  configuration. Table 20 in d i­
cates that the same four-c luster solutions were rep licated  perfectly
i . e . ,  100% agreement) from d if fe re n t  s tarting  c la s s if ic a tio n s . The 
four-c luster c lass if ica tio n  arrays produced by group average, 
centroid sorting, group average re locate , centroid sorting re locate , 
group average relocate (random) and centroid sorting relocate (random) 
are presented in Appendix E.
The group membership d istributions fo r  the four-c luster  
relocate solutions can be ascertained from Table 21. The number of  
subjects c lass if ied  into eight clusters down to two are provided in 
Table 21 so the reader is able to view the incorporation o f  clusters
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TABLE 20
Comparison o f  Relocate Cluster Solutions for S in is tra l Sample 
from D iffe ren t Starting Classifications  
(Shape Difference C lassification  vs Random S tart)
Cluster Analysis 
Method
Starting C lassification  
Shape Difference Random % Agreement
Gnoup A venagz
1 49 49
2 26 26
3 51 51
4 35 35 100%
Co.ntn.o-id Sonting
1 51 51
2 35 35
3 49 49
4 26 26 100%
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
144
TABLE .21
Number of Left-Handed Children in Each Cluster 
for 8, 7, 6, 5, 4, 3, and 2 Relocate 
Cluster Results
Cluster Analysis 
Method 8 7 6
Clusters
5 4 3 2
Gtioap Average
1 45 45 45 48 49 64 72
2 20 20 22 20 26 31 89
3 14 14 14 47 51 66
4 11 24 28 28 35
5 38 39 39 18
6 7 10 13
7 24 9
8 2
Ce.ntn.o-id S o rtin g
1 34 38 38 48 51 66 72
2 14 15 15 16 35 64 89
3 19 29 30 30 49 31
4 46 46 46 49 26
5 14 14 18 18
6 14 14 14
7 5 5
8 15
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during the fusion process. I t  also allows for the detection of  
outLLanA (unique individuals w ithin the sample or viewed as re s u lt ­
ing from measurement errors) in the data. In the current study, no 
children were removed from the analyses. As indicated in Table 21, 
the group average and centroid sorting relocate methods generated 
identical four-c luster solutions. Cluster sizes were 49, 26, 51 
and 35 children.
The_T score means and standard deviations of variables  
used in the c luster analyses procedures for each s in is tra l  c luster  
group are shown in Table 22. Again, an asterisk next to the v a r i ­
able name denotes those measures used in the clustering methods. 
Other pertinent measures l is te d  on the table include CAGE, WISC VIQ, 
PIQ and FSIQ, and WRAT RPERC, SPERC and ARPERC values fo r each 
c lus te r. For the CAGE variab le , Clusters 1, 2 and 3 exhibited  
s im ila r  mean ages (11.14, 11.24 and 11.18, respective ly ), while  
Cluster 4 exhibited the oldest mean age (12.43). Clusters 1, 2 and 
3 also exhibited very s im ila r  mean WISC FSIQs (48.14, 48.12 and 
48.60, respective ly ), whereas the mean WISC FSIQ for Cluster 4 was 
s l ig h t ly  higher (49 .31 ). S im ilar lower mean VIQ-higher mean PIQ 
patterns were seen across a l l  c lusters , although the discrepancy was 
s ig n if ic a n tly  smaller between the two values within Cluster 2 
re la t iv e  to the other groups. F in a lly ,  Clusters 1 and 3 were found 
to have mean WRAT Reading, Spelling and Arithmetic scores that were 
a l l  below the 30th c e n tile .  For Clusters 2 and 4, RPERC exceeded 
the 30th centile  (somewhat moreso within the former group), while  
both SPERC and ARPERC were below th is  value.
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_T Score Means and Standard Deviatios 
of Variables fo r  Each S in is tra l  Cluster Group
Cluster 1
VAR IAOLE N
* INFO 49* COMP 49
S IM I L 49
V0CA3 49
PPVTIQ 49
AUDR 49
AUDL 49
* SSPER 49* AUDCLO 49
5ENMEM 48
VFLU 49
* ARITH 49
* DIGITS 49
* C C D  ING 49
•k P ICCOM 49
PICARR 49
■k DLKDES 49
OBJ A SS 49
V ISR 49
V ISL 49
■X. TARGET 49
TACR 49
T ACL 49* FAGNR 49
FAGNL 49* FTWR 49
FTwL 4 9
ASTR 49
X A STL 497[ TPTOT 49
Vr TPTNDT 49
TPT8 T 49
TPTMEM 48
TPTLOC 4 8■j. TAPR 4  v
TAPL 49
FTAPR 49
FTAPL 49
GR I PR 45
GRIPL 45* PEGSRT 49
* PEGSLT 49
* CATTOT 49
* TRS3T 49
CAGE 49
V 10 49
PIQ 49
FSIQ 49
RPERC 49
SPERC 49
ARPERC 49
MEAN
4A .01360544 
46 .46 250503 
5 1.56 462 585 
4e .290 2 1973 
49.523009 52 
0.08163265 
0.20400163 
3 7.35 027029 
SO.94001633 
33.34963760
3 9.96930776 
42.44 09 7959 
42.99319720 
40.57142857 
55.I 7 006003 
5 C.00 435374 
51.42 8 57143 
51.63265306
0.20 40 81 63 
0.400 16327
4 0 .34 0 73 691 
G . 71 4 2 65 71 
0.61224490
- 16.612244v 0 
21.49659064
3 5.25151337 
30.1080024 7 
41.29 514 03 9
4 2.07 559214 
45.94731322 
4 6.270 19903
3 6 .41 7 0138 3 
4 9 .4 3 9 5 8 3 3 3
4 5.64 0 6C245 
4 9 .6 5 6 9 4  59 6 
46.15 029091 
3 1.15 7 14 2 0 6 
30.93142357 
40.79092063 
36.01104090 
45.09613755 
44.45573231 
50.92492721 
36 .03073919 
1 1 .14534 694 
44 .07074830 
52.10884354 
40.14965986 
24.46938776 
18.44897959 
17.44 897959
STANDARD 
DEVI AT ION
6.04686909 
9.037 17024 
7.70107138 
6.94297037 
7.97217333 
0.399 82 99 0 
0.91240506 
17.12474675 
17.62039294 
11.24515907 
9.27721681 
7.12895472 
7.833 55350 
9.71825316 
8.47275657 
7.84023977 
8 .41625412 
8.84858351 
0.64483822 
0.81441102 
12.709 16103 
1 . 172 60394 
1 .076 574 94 
46.30492 I 54 
40.55438292 
17.55530589 
25.86466535 
13.30305614 
14.97534121 
12.80753732 
13.70315579 
36.38985616 
1 1 . 85 6 53 02 1 
12.22960990 
1 1 . 15236757 
I 3.567 5812 1 
7.0 801433 0 
7.09304707 
14.03853370 
13.535 e0369 
12.35505248 
1 I • 520-93856 
8.96969467 
27.7969057 8  
1 .23965897 
5.53976213 
6 . 2  8 6  83662 
4.84245367 
22.738643 72 
19.92910479 
1 1 .82169831
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 22 (cont'd)
Cluster 2
VAR I ABLE
I NFO
COMP
S IMI l_
VOCAD
PPVTIQ
AUOR
AVJOL
SSPER
AUDCLO
SENMEM
VFLU
ARITH
DIGITS
COD ING
PICCOM
PICARR
BLKDES
OBJASS
V ISR
V I 5L 
TARGET 
TACK
T ACL 
FAGNR 
FAGNL 
FTWR 
FTWL 
ASTR 
ASTL 
TPTDT 
TPTNOT 
TPT9T 
TPTMEM 
TPTLOC 
' T APR 
• TAPL 
FT APR 
FTAPL 
G RI P R 
GRI PL 
'PEGSRT 
r PEGSLT 
r CATTOT 
tTRSBT
c a g e
VIO
PIQ
FSIQ
RPERC
SPERC
ARPERC
N MEAN STANDARD 
DEVI ATION
26 A 4.87179487 7.73050346
26 A 8.97 435697 9.83279008
26 5 1 .92307692 7. 12885074
26 AS.23076923 8.28962599
26 5 0.38461538 8 . 15003783
26 0.038A6154 0.196 I 1614
26 0 .0 0 000000 0 .0 0 0 00 0 0 0
26 4 9.81713287 14.40574944
26 60.27 500000 13.96991410
26 3 8.6655 5184 10.95000337
26 40.24450549 1 1 .56448068
26 4 5.76 92307 7 7.57526339
26 44.74350974 8.701 11497
26 46.02564103 9*61569230
26 53.58974 359 10.281507 7 5
26 48.71794872 7.72165343
26 48.84615385 7.05170162
26 S 1.02564103 7.87504327
26 0.03846154 0.196 11614
26 U.11 53 04 62 0.431 4555 C
26 44.12158282 10.05092488
26 0.23 0 7 6923 0.31523946
26 0.1153 e46 2 0.32 5 8125 9
26 47.30769231 t 7.78036947
26 45.74353974 17.67164903
26 46.44465354 12.20085137
26 42.61369322 20.67271579
26 42.51152437 12.94581225
26 46.41330891 11.11706896
26 51.87509227 6.784 08752
26 46.78602919 13.07677862
26 4 7.06309501 13.89460584
26 49.33333333 1 0.15480182
26 43.25740926 11 .1844456 9
26 47.54822308 10 .3194514 2
26 4 2.72136752 10.865C2110
26 32.029 6 153 0 7.466 C7285
26 3 3.02 192 308 8.23705335
22 3 9.03907724 13.6142753 1
22 3 2.61441460 12.66065723
26 20.065748O4 22.36311675
26 25.4097518 I 22.74026772
26 50.06390436 8.36293836
26 43.11354230 12.27540333
26 11.24126923 1.54340671
26 4 7.0512 6205 6.84345092
26 49.43589744 5.61170937
26 48.12820513 4.78151712
26 47.76923077 33.10867885
26 29.00000000 21.66287146
26 17.96153846 9. 11034914
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TABLE 22 (cont'd)
Cluster 3
V A R 1 A B L E N M E A N S T A N D A R D  
D E V I  A T I  ON
* I  N F O 51 A O . 4 5 7 5 1 6 3 4 6 . 2 1 6 9 5 3 3 9
* C CM P 51 4  7 . 1 6 9 S 4 2 4 8 0 . 4 9 5 0 3 2 5 1
S I M I  L 51 5  I . 2 4 1 0 5 0 0 7 7 . 9 7 1 0 6 0 6 3
V O C A B 51 4 6 . 3 6 6 0 1 3 0 7 5 . 9 3 9 4 1 8 1 9
P P V T I Q 5 1 4 B . 1 3 0 7 1 0 9 5 3 . 5 4 1 6 8 3 0 1
A U D R 5 1 0 . 0 7 8 4 3  1 3 7 - 0 . 4 4 0  1 4 2 5 8
A U D L 51 0 . 0 7 8 4 3 1 3 7 0 . 2 7 1 5 2 4 3 8
* S S P E R 5 1 2 2 . 6 1 1 4 9 7 3 3 2 2 . 1 6 9  0 3 1 5 3
* A U D C L O 5 1 4  7 . 7 7 8 9 2 1 5 7 1 4 . 0 7 7 4 3 3 5 1
S EN MEM 5 1 3 3 . 5 1 0 6 5 6 4 4 1 2 . 9 3 9 7 7 2 7 8
V F L U 5 1 3 7 . 2 4  6 5 9  9 4  4 9 . 3 0 6 5 4 2 4 7
* A P I  Tt-I 5 1 4 2 . 3 5  2 9 4  1 1 6 6 . 4  0 4  6 5 5 1 7
J. D I G  I  T S b l 4 4 . 3 1 3 7 2  5 4  9 8 . 4 1 4  1 1 8 2 3
■rt' COD I N G 51 4 7 . 7 7 7 7 7 7 7 0 9 . 4 6 7 2 9 2 6 2
* P I C C O M 5 1 5  5 . 0 9  8  0 3 9 2  2 9 . 5 5 3 4 2 7 3 4
P I C A R R 5 1 5 2 . 4 1 3 3 0 0 6 5 9 . 9 3 4  8 6 4  I  2
* B L K D E S 51 5  I . 9 6 0 7 6 4 3 1 7 . 4 8 8 5 5 3 3 6
0 9 J A SS 51 5 5  . 2 9 4  1 1 7 6 5 8 . 9 7 3 4 5 3 9 5
V I  S R 51 0 . 0 5 6 8 2 3 5 3 0 . 2 3 7  6 3 5 4  I
V I S L 51 0  . 1 3 7 2 5 4 9 0 0 . 4 0 0 9 7 9 1 9
* T AR G E T 51 4 5 . 7 0 3 7 0 5 0 9 1 1 . 3 2 6 2 5 6 7 9
T ACR 5 1 0 . 3 9  2  1 5 6 8  6 0 . 9 8 1 3 9 5 5 6
T A C L 51 0 . 1 5 6 8 6 2 7 5 0 . 7 0 3 4 9 2 6 9
* f a g n r 51 5 0 . 5 0 9 6 0 3 9 2 1 4 . 1 8 6 4 3 3 7 3
F A G N L 5 1 4 6 . 2 3 5 2 9 4 1 2 1 2 . 0 4 7  C l  3 3 4
* F T W R 5 1 5 5 . 9 1 9 8 4 4 6 0 11 . 7 1 8  9 6 8 7  0
F  TWL 51 5  1 . 2 0 1 7 3 0 3 6 1 4  . 9 2 8  1 7 2 8 8
A S T R 51 4  6 . 0 9  4  6 4 9 1 4 1 2 . 5 8 0 3 4 5 4  I
A S T L 5 1 4 7 . 7 3 5 7 6 0 9 T 1 3 . 1 1 6 5 2 6 6 4
* T P T D  T 51 5 2  . 0 3 2 9  9 / 0  3 7 . 7 9 4  5 5 6 4  6
* T P T N D T 5 1 5 2  . 6 4 6 9  1 9 7 5 8 . 7 5 2  1 9 9 2 7
T P T D T 5 1 4 2 . 9 1 7 0 4 6 2 8 2 6 . 6 8 9 9 6 6 0 3
T P T M E M 5 1 5 3  . 0 9 3 0 3 9 2 2 7 . 0 2 5 9 3 9 3 3
T P T L O C 51 5 0  .  1 4 8 5 4 4 2 7 1 1 . 5 9 0 9 2 0 7 4u. T A P R 5 1 5 2  . 2 5 8 8 0 1 5 7 1 0 . 5 4 1 3 1 4 6 0* T A ° L 5 1  . 4 8 . 1 1 0 4 6 7 2 3 1 0 . 4 7 1 4 9 7 4 5
F T A P  R 5 0 3 1 . 9 5 5 4 0 0 0 0 5 . 2 5 6 5 9 6 2 7
F T A  P L 5 0 3  1 . 4 3  5 0 0 0 0 0 5 . 7 9 5  7 5 5 6 9
GR I P R A 7 4 8  . 9 3 0 2 2 5 5 6 1 2 . 2 1 1 9 6 4 7 5
GR I P L A 7 4 3  . 1 6  1 5  3 7 6  6 1 2 . 6 6 9  0 5  7 6  2
* p g s r  t 5 1 5 0  . 3 4 3 2 6 8 0 0 1 4 . 2 1 9  7 7 ^ 2  0
rr P E G S L T 5 1 4 8 . 6 3 9 0 3 6 8 9 1 0 . 7 1 2 5 8 0 5 9
ir C A T T O T 51 5 1 . 4 0 6 9 2 0 9 4 8 . 6 5 7 7 6 2 8 9
* T R S Q T 5 1 3  8 . 2 4  0 2 2 6 2 3 1 8 . 5 6 7 3 6 1 6 2
C A G E 5 1 1 1 . 1 0  1 1 1  7 6 5 1 . 3 9 1 4 2 3 6 5
V I  0 5 1 4 4 . 6 4 0 5 2 2 0 8 5  . 2 5 4 3 4 9 7 9
P I O 5 1 5 3 . 3 3 5 6 2 0 9 2 6 . 9 7 2 7 6 3 7 0
F S I Q 5 1 4 8 . 6 0 1 3 0 7 1 9 5 .  1 5 4  0 7 9 1 2
R P E R  C 5 1 1 2 . 9 3 0 3 9 2 1 6 1 2 . 7 0 6 6 7 5 7 2
S P E R C 5 1 9 . 7 6 4 3 1 3 7 3 1 0 . 9 4 7 7 1 8 9 0
A R P E R C 5 1 1 3 . 8 4 3 1 3 7 2 5 1 1 . 1 5 4 1 4 2 8 2
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TABLE 22 (cont'd )
Cluster 4
V A R  I A 8 L E N M E A N S T A N D A R D  
D E V I  A T I U N
I  NF O 3 5 4-2 . 7 1  4 2  £ 5 7  1 6 . 2 5 0 3 0 3 4 5
C O M P 3 5 4 9 . 2 3  8 0 9 5 2 4 1 1 . 2 6 2 9 2 1 0 2
S I M I  L 3 5 5  1 . 8 0 9 5 2 3 8 1 7 . 9 3 5 3 1 2 7 0
V O CAD 3 5 4 7 . 6 1 9 0 4 7 6 2 7 . 2 5 6 7 9 4 3 6
P P V T  10 3 5 5 0 . 3 8 0 9 5 2 3 6 9 . 7 7 6  9 7 1 3  6
AUOR 3 5 0 . 1 4 2 8 5 7 1 4 0 . 5 5 0 C 1 9 1 0
A U O L 3 5 0 . 1 1 4 2  8 5 7  1 0 . 4 0 3 7 6 3 8 0
S S P E R 3 5 4 3 . 4 7 7 6 6 2 3 4 1 6 . 0 5 2 0 4 1 5 0
A U D C L O 3 5 4 4 . 2 3 5 7 1 4 2 9 1 3 . 1 7 6 8 3 6 4 1
S E N M E M 3 5 3  5 . 3 5 4 0 3 7 2 7 1 2 . 1 6 2 6 5 9 3 6
V F L U 3 5 4  0 . 0 6 1 2 2 4 4 9 1 2 . 4 7 7 9 2 3 4 0
AR1 T H 3 5 4 3 . 4 2 8 5 7 1 4 3 5  . 3 9 2  1 3 2 3 3
D I G I T S 3 5 4 6  . 9 5 2 3 8 0 9 5 9 .  4 7 5 5 0 7  7 7
COD I N G 3 5 5  0  . 0 0 0 0 0 0 0 0 9 . 5 9 9 8 3 6 6 0
D I C C O M 3 5 5 0 . 5 7 1 4 2  5 5  7 9 . 5 8 2 3 1 3 3 1
P I  C A R R 3 b 5  0  .  7 6 1 9  0 4 7 6 7 . 8 8 3 3 7 0 2 0
E3LKDES 3 5 5 2 . 5 7 1 4 2 8 5 7 8 .  8 2 2 3 4 6 6 4
0 FiJ A S S 3 5 5 4 . 6 6 6 6 6 6 6 7 9 . 9 7 3 8 2 1 9 4
V I S R 3 5 0 .  2 2  6 5  7 1 4 3 0 . 4 9 0 2 4  0 3 9
V I S L 3 b 0 .2 0 0 0  0 0  0  0 0 . 5 8 4 1 0 3 1 3
T A R G E T 3 5 3  4 • 2  9  4 8  9 3 9 1> I o . 7 6 0 6 3 0 9 7
T A C R 3 5 0 . 2 8 5 7 1  4 2 9 0 .  7 8 8 5 7 3  8 6
T A C L 3 5 0 . 1 7 1 4 2 6 5 7 0 . 4 5 2 8 1 5 6 5
F A G N R 3 5 4 8 . 0 5 7 1 4 2 8 6 2 0 . 7 6 4 7 0 8 2 6
F A G  NL 3 5 4 4 . 1 9 0 4 7 6 1 9 2 4 . 8 6 4 9 0 1 0 7
F T W R 3 5 8 . 8 4  6 7 7 9 7  7 4 8 . 0 3 0 6 1 6 8 6
F T W L 3 5 7 . 1 9 4 8 8 9 6 6 8 0  . 3 4 3 2 4 7 7  7
A S T  R 3 5 4  4  . 9 3 1 2 4 0 1 v 1 6 . 7 1 4 3 5 2  9 7
a s t l 3 5 4 6  .  7 3 8 2 9 5 3 2 1 4  .  3 8 9 2 7 5 3 9
T P T D T 3 5 5 1  . 6 6  8 2  2  C 8  7 6 . 6  1 4  9 0 2 6 2
T PT . N D T 3 5 4 5  » 4  5  5  8  3  5  3  7 1 9 . 4 4 7 3 6 3 2 4
TPT; 3  T 3  b 4 2 . 0 0  0 3  1 0 4  3 1 6 . 7 1 7 8 6 2 1 7
T P T ME M 3 5 4  8 . 6 6 6 6 6 8 6 7 1 3 . 0 1 9 6 5 5 3 3
t p t l o c 3 5 4 4  . 9 5  1 0 2  0 4 1 1 3 . 4 4  2  5 4 9 1 4
T APR J b 6 3 . 4 9 3 5 3 8 9 0 1 2 . 7 2 3 4 0 2 2 1
T API . 3  b 4 8  . 6  7 5  1 0 8 2  3 1 5 . 0 4  8  0 8 4  2  7
f  T A P R 3 4 b . i 3 0 0 0 0 0 0 6 .  1 8 4  4 9  6 2  6
F T  A PL 3  A 3 b . 9 6  6 2 8 5 2 9 6 . 2 8 2  5 2 6  7 4
G R 1 P W I 7 4 4 . 7 a 6  2  8 9 2  5 1 2  . 4  7 o 0 2 1 8  1
G K I  P L 1 7 3 9 . 2 4  8 4  4 3 9  4 1 3 . 9 0 5 9 6 2 4 1
P E G S R T 3  b 4 - 9 . 6 3 3 3 * * 3 5 5 1 4 . 7 4 6 4 4 6 2 5
P F . G S L T 3 5 4 8 . 6 4  3 0 9  7 7 6 1 0 . 6 5  5 9 7 0 1 4
C A T T O T 3 5 4 5 . 6 6  8 6  2  0 3  I 1 0  . 0 3 4  6 4 2 5 8
T R S i H 3 5 3 8 . 9 9  7 7  1 1 1 2 1 9 . 1 1 7 4 7 8 5 7
C A G E 3  b 1 2 . 4 8 1 6 8 5 7 1 2 . 0  1 4 9 4 4 9 4
V 10 3 5 4 6 . 4  1 9  0 4  7 6 2 6 . 2 7 7 0 1 6 3 1
P I Q 3 5 5 2 . 4 3 8 0 9  5 2  4 7  . 4 0 4 1 9  0  4 0
F S I  0 3 5 4 9 . 3 1 4 2 8 5 7 1 5 .  1 8 5 4 1 3 7 2
R P E R C 3 5 3 5  . 9 7 1 4 2 8 5 7 2 7 . 2 4 5 5 9 9 4 4
S P E R C 3 5 1 9  . 4 8 5 7 1 4 2 9 2 0 . 9 6 2 6 7 1 9 1
A R P E R C 3 5 1 7 . 2 0 0 0 0 0 0 0 1 3 . 8 6 4 4 7 0 0 4
Denotes dependent measures used in s ta t is t ic a l  treatment 
of data.
N.B. The four c luster solution l is te d  on th is  table represents 
the results o f both the Group Average and Centroid Sorting Methods, 
since identical solutions were nenerat.eri frnm each..................... ..
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Graphic i l lu s tra t io n s  of the mean _T scores fo r each variable fo r  
each s in is tra l c luster are presented in Figures 21 to 24. Inspection 
of these Figures indicated that there was a high degree of visual 
s im ila r ity  between these c luster p ro files  and the four s in is tra l  
factor profiles  depicted in Figures 3 to 6, as well as the three dex- 
t ra l  factor profiles  shown in Figures 10 to 12. Table 23 contains 
the Pearson product moment correlations based on comparisons be­
tween mean _T scores fo r a l l  variables between a l l  possible pairs of. 
l e f t -  and right-handed Q facto rs , and left-handed cluster groups. 
Examination o f Table 23 revealed that the correlation values between 
s in is tra l  Clusters 1, 2, 3 and 4, and left-handed Factors 1, 4,2  
and 3 were 0 .99 , 0 .94, 0.97 and 0 .99 , respectively. These corre­
la tio n  values a ttes t to the near perfect match between performance 
patterns generated from the Q technique o f factor analysis, and 
performance patterns derived from the c luster analytic  methods 
following the application o f both procedures to a sample o f l e f t -  
handed children. Comparisons between Clusters 1, 3 and 4, and 
dextral Factors 2, 1 and 3 revealed very high correlation values 
between these pairs o f T score plots as w e ll .  The respective corre­
la tio n  coeffic ients were 0 .93 , 0.81 and 0.83.
M isclassification analysis was the la s t  method used to 
compare the c luster and facto r analytic  solutions derived from the 
left-handed dataset. Table 24 shows the number of children from each 
of the JQ type factors who were not c lass if ied  together by a given 
method o f  c luster analysis. As can be seen from Table 24, a l l  o f
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TABLE 24
Number of Left-Handed Children from Each of 
the £  Type Factors Misclassified 
by Cluster Analytic Methods
Q Factors Total Miscl assi-
Cluster Analysis No. of 1 2 3 4 f i  cation
Method Clusters (n=41) (n=26) (n=19) (n=9) (n=95)
Group Average 4 0 0 0 0 0
Centroid Sorting 4 0 0 0 0 0
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the children c la ss if ied  together by the Q technique of factor analy­
sis were also c lass if ied  together by c luster analysis. In other 
words, on the basis o f subgroup membership the c lass if ica tio n  so­
lutions generated from the two d if fe re n t  m ultivariable taxonomic 
methods were in perfect agreement with each other.
Taken together, the visual s im ila r ity  findings between 
c luster and factor p ro f i le s ,  correlation values between clusters 
and facto rs , and the results of the m isclassification analyses 
seemed to support the notion that there were four d is t in c t subtypes 
o f left-handers w ithin the data se t, three o f which were highly  
s im ila r  to three subgroups o f age equivalent right-handers that had 
been derived by means of the Q technique of factor analysis.
Validation o f Left-Handed Clusters
To determine the s ta b i l i t y  and usefulness of the 
s in is tra !  clustering solutions, two methods were chosen. F irs t ,  i t  
has been suggested that s im ila r  solutions generated by d if fe re n t  
clustering techniques tends to support the presence o f well-defined  
clusters w ithin the data. Along th is  l in e ,  analyses of the member­
ship assignments w ithin clusters between the group average relocate  
and centroid sorting relocate solutions revealed that very few 
subjects were placed in a d if fe re n t  c luster fo r the e igh t-c luster  
down to the f iv e -c lu s te r  solutions, with identical assignment of  
subjects into clusters being achieved at the four-c luster solution  
le v e l .
Second, a split-sample design was employed which randomly 
divided the to ta l s in is t ra l  data set into two subsamples, and each
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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h a lf  was then clustered independently. The expectation was that i f  
the clusters were stab le, then membership assignment in the p a r t i ­
tioned samples would be s im ilar  to the results derived fo r  the 
en tire  sample.
The hierarchical trees (dendrograms) obtained by applying 
the group average and centroid sorting techniques to the two s in is tra l  
subsamples are presented in Figures 25 to 28. The dendrograms can be 
seen to demonstrate c learly  that both subsample data sets contained 
group structure. The clustering coeffic ients o f the group average 
and centroid sorting methods applied to the two subsamples are 
l is te d  in Table 25, and the corresponding plots o f these values 
against the number of clusters are seen in Figures 29 to 32. Inspection 
of the dendrograms and clustering coeffic ients fo r  subsample 1 
suggested a range of clustering solutions. From an analysis of  
these results for subsample 2, a four-c luster group average solution  
appeared plausible, while the centroid sorting method suggested a 
three-c luster terminal solution. Since a range o f clustering results  
appeared to emerge from the split-sample rep lication  procedure, a 
subjective decision was made to examine the fou r-c lu s ter  terminal 
solutions within each subsample data set. The f in a l group membership 
distributions fo r the four-c luster solutions for each subsample 
following i te ra t iv e  part it ion ing  of the i n i t i a l  group average and 
centroid sorting results can be ascertained from Tables 26 and 27.
As was found in the standard, the group average and centroid sorting  
relocate methods generated identical four-c luster solutions in the 
case o f both subsample analyses. For subsample 1, c luster sizes
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Figure 25. S p lit  sample validation hierarchical tree usinq group 
average on s in is tra l  subsample 1.
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Fiqure 26. S p lit  sample validation h i“*''-»rchical tree usinq 
centroid sortinpon s in is t ra l  subsample i .
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Figure 27. S p lit  sample validation hierarchical tree  using group 
average on s in is tra l  subsample 2.
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Figure 28. S p lit  sample va lidation tree using centroid sorting on 
s in is tra l  subsample 2.
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TABLE 25
S.plit Design Validation Clustering Coefficients  
of Group Average and Centroid Sorting Hierarchical 
Agglomerative Methods Applied to Two S in is tra l Suhsamples
Subsample 1 Subsample 2
n of Group Centroid Group Centroid
Clusters Average Sorting Average Sorting
10 .285 .355 .245 .303
9 .242 .350 .200 .287
8 .214 .293 - .191 .234
7 .136 .249 .137 .223
6 .106 .237 .130 .220
5 .093 .227 .120 .204
4 .068 .208 .092 .184
3 .059 .185 .045 .147
2 .011 .142 .034 -.089
1 -.063 -.275 -.035 -.352
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Figure 29. Plot o f group average hierarchical clustering coeffic ients  
for s p l i t  sample validation  procedure using s in is tra l  subsample 1.
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Figure 30. Plot o f  centroid sorting hierarchical c lustering coeffic ien ts  
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Figure 31. Plot of group average hierarchical c lustering coeffic ien ts  
fo r  s p l i t  sample validation procedure using s in is t ra l  subsample 2.
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TABLE '26
Number of Left-Handed Children in Each Cluster 
fo r  8, 7, 6, 5, 4 , 3 and 2 Relocate Cluster Results for  
Subsample 1 o f the S p lit  Sample Validation Procedure
Cluster Analysis 
Method 8 7 6
Clusters
5 4 3 2
Gtioup A voyage.
1 4 7 6 6 29 33 44
2 7 7 10 13 14 15 37
3 23 22 30 .30 31 33
4 22 22 23 25 7
5 11 5 5 7
6 5 7 7
7 6 11
8 3
Ce.wtn.o-Ld. SofitLng
1 5 5 5 5 29 33 44
2 3 3 3 12 14 15 37
3 24 23 31 31 31 33
4 22 23 26 26 7
5 10 9 9 7
6 7 7 7
7 7 11
8 3
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TABLE 27
Number o f  Left-Handed Children in Each Cluster 
fo r  8, 7, 6, 5, 4 , 3 and 2 Relocate Cluster Results for  
Subsample 2 o f the S p l i t  Sample Validation Procedure
Cluster Analysis 
Method 8 7 6
Clusters 
5 4 3 2
Gsioup AvoAage.
1 24 25 26 27 27 31 55
2 3 3 3 5 8 21 25
3 4 16 16 15 23 28
4 9 10 6 12 22
5 14 1 21 21
6 1 22 8
7 22 3
8 3
Ce.wtnoi.d S o rtin g
1 22 20 27 27 27 31 55
2 17 10 11 15 23 28 25
3 9 5 5 5 8 21
4 3 1 1 12 22
5 1 21 21 21
6 21 14 15
7 4 9
8 3
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were 29, 14, 31 and 7 subjects. For Subsample 2, clusters con­
sisted o f  27, 8, 23 and 22 children.
To assess the degree o f comparability between the s p l i t -  
sample and standard res u lts , a count was made of the number of  
subjects within split-samples 1 and 2 who changed from th e ir  
orig ina l c lusters . Table 28 indicates that fo r  subsample 1 there 
were a to ta l o f  16 m isc lass if ica tio n s , equivalent to 11% of the 
sample. For subsample 2, Table 29 shows that there were 17 mis­
c lass if ica tio ns  w ithin th is  data se t,  equivalent to 21% of that  
sample. Between the two subsamples 16% o f the subjects changed 
from th e ir  orig inal c lusters , leaving 84% o f the subjects who c lust­
ered together in both procedures.
F in a lly ,  the_T score means and standard deviations of  
variables used in the split-sample c luster analyses procedures fo r  
each subsample c luster are shown in Appendix F. Plots o f the mean 
_T scores fo r each variab le fo r  each subsample c lus ter  are also pre­
sented in Appendix F. For the most p a rt , gross inspection of these 
graphs revealed a high degree of visual s im i la r i ty  between p ro f i le  
characteristics  o f the standard and split-sam ple c lusters . Because 
of the small number o f subjects in two of the clusters (Cluster 9 
subsample 1 and Cluster 2 subsample 2 ) ,  the actual c luster profiles  
did show some differences in th e ir  c h a rac te r is t ics .
Right-Handed Cluster Solutions
The _T score means and standard deviations of c luster­
ing variables fo r  the right-handed sample are presented in Table 30.
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TABLE 28
Number of Left-Handed Children in Subsample 1 from Each of 
the Cluster Groups Misclassified by the Split 
Sample Validation Procedure
Clusters Total , Misclassi-
Cluster Analysis 
Method
No. of 
Clusters
1
(n=29)
2 3 
(n=14) (u=31)
4
(n=7)
f i  cations 
(n=81) % Sample
Group Average 4 9 1 6 0 16 11%
Centroid Sorting 4 9 1 6 0 16 11%
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
w
ithout perm
ission.
i
TABLE 29
Number of Left-Handed Children in Subsample 2 from Each of 
the Cluster Groups Misclassified by the Split 
Sample Validation Procedure
Cluster Analysis No. of 1
Clusters 
2 3 4
Total
Misclassi- 
fications
Method Clusters ii ro -^i (n=8) (*=23) (n=22) (n=80) % Sample
Group Average 4 4 4 6 3 17 21%
Centroid Sorting 4 4 4 6 3 17 21%
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TABLE 30
_T Score Means and Standard Deviations of  
Clustering Variables fo r  the Right-Handed Sample
Variables Mean S.D.
INFO 43.684 6.054
COMP 47.411 8.030
SSPER 36.965 20.387
AUDCLO 45.419 13.928
ARITH 44.761 7.284
DIGITS 45.858 8.292
CODING 49.150 9.780
PICCOM 52.090 9.897
BLKDES 52.338 8.557
OBJASS 53.477 10.177
TARGET 42.494 13.055
FAGNR 42.514 27.202
FTWR 40.645 24.575
TPTDT 52.248 8.418
TPTNDT 49.874 14.156
TAPR 56.130 10.742
TAPL 42.570 9.529
PEGSRT ' 52.406 13.843
PEGSLT 36.295 23.841
COTTOT 50.745 7.636
TRSBT 41.307 18.553
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C learly , the frequency d is tr ibu tion  for many of these variables  
deviated s ig n if ic a n tly  from the normal score d is tr ib u t io n .
Again, th is finding suggests the presence of m ultip le populations 
within the data set.
The hierarchical trees (dendrograms) summarizing cluster  
solutions obtained by applying the group average and the centroid 
sorting agglomerative techniques to the dextral data set are 
presented in Figures 33 and 34, respectively. These figures c learly  
showed clusters in the data. The clustering coeffic ien ts  o f the 
group average and centroid sorting methods are shown in Table 31. 
Figures 35 and 36 represent graphs of these data. From an analysis 
of the changes in c luster coeffic ients depicted in Table 31, and 
from inspections o f the clustering coeffic ien t p lo ts , a seven- 
cluster solution appeared plausible.
A provision fo r the reallocation o f subjects who may have 
been poorly c lass if ied  during the i n i t i a l  c luster analysis was 
provided by subjecting the group average and centroid sorting solu­
tions to a i te ra t iv e  relocation procedure. For the seven-cluster 
group average solution, 17% of the subjects were found to be placed 
in a d if fe re n t  c luster. However, fo r  the seven-cluster centroid 
sorting resu lts , 38% of the children were reallocated to a d if fe re n t  
c lus ter. The rather large number of subjects found to be changing 
clusters during the la t t e r  procedure does tend to ca ll into  
question both the s ta b i l i ty  and adequacy o f the centroid sorting  
resu lts .
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Figure 33. H ierarchical tree using group average on dextral sample.
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TABLE 31
Cluster Coefficients o f Group Average 
and Centroid Sorting Hierarchical Agglomerative 
Methods fo r  the Right-Handed Sample
n of  
Clusters Group Average Centroid Sorting
10 .265 .387
9 .246 .391
8 .226 .375
7 .205 .360
6 .179 .310
5 .174 .304
4 .149 .294
3 .141 .232
2 .138 .142
1 .068 -.022
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Plot o f group average hierarchical c luster coeffic ien ts  
sample.
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An attempt was made to improve upon the relocate solutions, 
as well as to increase the likelihood of obtaining 'global optimum1 
solutions by repeating the relocate procedure using a d if fe re n t  
start in g  configuration. Table 32 indicates that there was a 96% 
conformity rate between solutions derived from the d if fe re n t  s ta r t ­
ing points. The seven-cluster c lass if ica tio n  arrays produced by 
group average, centroid sorting, group average relocate , centroid  
sorting re locate , group average relocate (random), and centroid 
sorting relocate (random) are presented in Appendix G.
Membership d istributions fo r the seven-cluster relocate  
solutions can be ascertained from Table 33. The number o f subjects 
c la ss if ied  into eight clusters down to two are provided in Table 33 
in order to view the cluster fusions and detect outtloAA  in the 
data set. For the right-handed sample, no children were removed 
from the analyses. As can be seen in Table 33, c luster sizes between 
the group average and centroid sorting relocate methods were very 
close. Cluster sizes were 24, 30, 31, 21, 12, 10 and 23 children  
fo r  the grodp average method, and 30, 40, 22, 22, 15, 9 and 23 
subjects fo r the centroid sorting results .
The JT score means and standard deviations o f variables  
fo r  each dextral group average and centroid sorting c luster are 
shown in Tables 34 and 35, respectively. Again, mean cluster  
age, mean WISC VIQ, PIQ and FSIQ, and mean WRAT RPERC, SPERC, and 
ARPERC values are provided in these tables as w e ll .  B r ie f ly ,  fo r  
the group average relocate solutions, Clusters 2, 3 and 6 exhibited  
f a i r l y  s im ilar  mean age values (10.64, 10.76 and 10.42, respective ly ).
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TABLE 32
Comparison o f Relocate Cluster Solutions fo r  Dextral 
Sample from D iffe re n t S tarting  C lassifications  
(Shape Difference C lass ifica tio n  vs Random S ta rt)
Cluster Analysis 
Method
Starting  C lass ifica tion  
Shape Di fference Random % Agreement
G/ioup A veAage. 
1 24 • 40
2 30 29
3 41 7
4 21 23
5 12 23
6 10 20
7 23 19 96%
C<nvtnoj.d S o rtin g  
1 ' 30 40
2 40 29 ■
3 22 7
4 22 23
5 15 23
6 9 20
7 23 19 96%
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TABLE 33
Number o f Right-Handed Children in Each Cluster 
for 8, 7 , 6 , 5 , 4 , 3 and 2 Relocate Cluster Results
Cluster Analysis 
Method 8 7 6
Clusters
5 4 3 2
Gh.owp A vz/utgz /
1 19 24 31 31 64 43 109
2 29 30 32 36 40 47 52
3 37 41 43 46 30 71
4 18 21 21 24 27
5 20 12 10 24
6 9 10 24
7 9 23
8 20
Ce.n&told S o rtin g
1 31 30 32 36 40 44 52
2 23 40 43 46 63 44 109
3 18 22 21 24 29 73
4 20 22 24 31 29
5 12 15 31 24
6 9 9 10
7 25 23
8 23
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
* * 
* 
* 
* 
* 
* 
*
*
*
*
*
*
 
* 
* 
**
TABLE 34
T_.Score Means and Standard Deviations 
of Variables fo r  Each Dextral Group Average Cluster
Cluster 1
VAR I ABLE N M c. Ai. STAN CARD 
DEV I AT ION
I NFl'J 24 45.00 0 00000 t. .0 50 2 4339
COMP 24 4 c • 527 7 7 7/8 7.51 0 75530
S I M I L 24 5 3. 1 S 4 4 4 4 4 •'» 6 . 6  72 645 1 0
VOCAB 24 4 7.7 77 77778 5.70334 61 7
PPVTI0 24 46.86886889 7.4 7967100
AUDR 24 0.03333333 0.28232985
AUOL 24 0 . 0 0 0 0 0 0 0 0 0.OOOCOOOO
SSPER 24 4 1. 15 3 I 4394 15.955 314 10
AUDCLO 24 49.63054167 14.144 60332
SENMEM 24 3 6.35669565 13.204 209JJ
VFLU 24 40.03005952 7.90462417
AR I TH 24 45.33333333 6.3 13C374 0
DIGITS 24 47. 7 777777-3 P .32124 727
C OD I MG 24 46.1 I 1 1 1 1 I 1 9.959 6 6 099
PIC.COM 24 4 £. 75 0OC000 9.671 5380 0
P I CARR 24 4 9 . *5 13 32 333 8 • 1 0 0 6 6 05 9
BLKDES 24 5 5. 19444444 9.99 uyv351
CjBJ A SS 24 5 1. 6 6 6  6 6 667 6.5 1250 53 I
V ISR 24 C . 0 3 3 333 3 C . 262 2.- 9S5
VISL 24 0 . 1 6 6 6 6 0 0  7 0.48154541
t a r g e t 24 4 1. 35 262223 15.156 37 049
TACR 24 0.4166 6 667 0 . 65386255
T ACL 24 0.3 7500090 0.76966961
FAG NR 24 5 1 .4 166 6 6 6 7 15.519 44306
FAGNL 2 4 43 .03630669 20.306 70646
f t w r 24 40.61035731 17.10656225
FTWL 24 30.00033275 22.75083705
ASTR 24 4 4.2 363 5 43 9 14.69160514
A STL 24 43.5755025B 15.43223305
TPTDT 24 5 2.51444157 7.5268o434
TPTNOT 24 4 0 .674 10535 29.95346150
TPTBT 24 4 3.34552073 2 5.061 4 5 7 0 3
TPTMEM 24 4 6 . 51 3 a e 6 h 9 1 0 .902722 78
T PTL DC 24 4 2 .59656 147 1 3 . 8  37 67 801
T AUR 2 4 5 2 .  1 5 0 C 0 4 6 5 1 0 . 327513 74
T APL 24 5 5.4 69 1 1 195 10.2 9 127 448
F TAPfv 24 3 1 . -J ' 6 0 C C 0 0 5.522404 01
FTAPL 24 29.9534 1 c. 6 7 7.3120 5 456
GR1PR 1 7 4 4 . 3 7 9  4 c 0 4 2 10.289 1854 1
GRIPL 1 7 3 9 .  ' - ’ ’ ' I  :t / 9 8 .c 3 f 4 1 6 7 5
PEGSRT 2 ' i J u . l  i 4  6 9 c 1 3 16.6 1822 77 1
PEGSLT 24 4.49225246 42.4135302C
CATTOT 24 50.9 100 1227 7.4357 5 318
TRSOT 24 42.922 C9401 12.00070222
CAGE 24 I- 1 . 57295S33 I . 6 3 2 9 1 5 o  6
V IG 24 47.2500000 0 5.999 39610
PIQ 2 4 49.97222222 7.61762301
FSI 0 24 4 a . 3 5 6 6 6 5 8 9 4.618 45350
RP E R C 2 4 3 3.66666667 24.96722469
SPERC 24 2 1 .70333333 24 .55956232
ARPERC 24 25. 041 t>6667 14 .30256641
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TABLE 34 (cont'd)
Cluster 2
VAR I ABLF. N Mb' AN STANCARD
DEV I AT I ON
* INFO 30 AS.J333333J 5 • 7 1 2 6 4 6 4it COMP 30 4 9.11111111 9 . 2 1 9 tt 9 076
S I M I L 30 5 2 . 4 4 <4 «» 4 4 4 4 6 . 15 7 7807 0
VOCAB 30 4 7 . 4 4 4 4 4 4 4 4 5.9166 1945
PPVT10 30 46.0 3 3 33333 8.4 4 4 72 67 5
AUDR JO C.1 COO0000 0.30512858
AUDL 30 0 . <?ffi6tc67 C.520 63046* SSPfc R 30 2 2 .581 ObCtl 24.652 89 3 8 6* AUOCLG 30 4 4 •4 C 2 5 000 0 14.9oa 7051 5
SENMcM 30 3 6.0 797 10 14 1 P.0 34 6219C
VFLU 30 3fc .5c2 1 4.-iacj 3.1 0 4 6 6 6 6 8* AR I T H 30 4 E . 4 4 44 4 44 4 7.191Oo15 7* 0 IGITS 30 4 4 . 7 V 7 7 7 7 ? {J 0*102 94 55o* COD ING 30 4 9 . 2 2 2 2 2 2  2  P. 10.565 73410* PICC OM 30 *3 3 .565 3 555o 10 . J 18C6d17
P ICARR 30 5 1. 13 3 3 2 3 3 3 7 » 5 6 0 7 3 7 « c* BLKDES 30 5 C . 1 I 1 1 1 1 I 1 9 . 0 .13 C 7 .J v 0* 0 BJASS 30 52.22222222 12.0 76 20 82 6
V ISR 3 0 C .  ''0000000 0.8 94 4 2 7 1 ^
VISL 30 0 . 6£606 667 2 .0 96 =21 4 8* TAR GET 30 42.>0525116 10.4 36259j S
T AC R 3 0 C.06666667 1 .542 128 70
T ACL JO C,Bu(it6fcti7 1 . 1 95 773 0 I* FAG NR JO -t.oooccooo 3 7 .79709896
FAGNL 30 1 c. . 7 7 7 7 7 77 6 26.7 10 5 3070* FTWR 30 4 0.7055482J 12.9 315279 9
F TWL 30 4 0 . 0 41 6. J 5 IS 7 19 .3 89 Cl 13 0
A ST R 3 0 34.3 7 098901 14 * 7P52S174
ASTL 30 39.26JI 4970 12.856 01690* TPTDT 30 5 1 .8675420 1 1 1 .4 15 75735* TPT NOT 3 0 4 9.9964 1853 9.764 4 6910
TPTBT 30 4 7.65 0192 4 0 11.7632854 i
T PT MFM JO 6 0 • 4 5^55556 1 1 .2 65 84 65 7
TPTLOC JO 4e.79i77460 12.P66E4 5 53* T APR JO 52.6217 9 971 10.24573774* TAPL JO 4 1. o 2 2 1 6 cb'J 8 .4 24 2 3 0 15
F TAPR 3 0 3 0.58263333 4 .77=* 54 54 0
F TAPL 30 2 6.07800000 J .9 70 82 8 7 4
G RI P R 2 5 4 5 .  3009 8 281 1 4 .821 6 7 580
GRIPL 3 d 4 1 .386 6 2 4 5<> 1 4 .  J 4 7 1 4 J
* PEGSRT JO 5 C . 9 9 4 1 9 1«: 7 5 .  G  ’+ 2 1 4  c 0 5
* PEG5LT JO 37.014c1 4 d 1 1 J .  42b 8.0240
* CATTOT JO 4 9.77661977 5 . 037 24 735* TRS3T 30 40 .  1 7328777 13 . 7 94 2155 0
CAGE 30 10 . 64610000 1 .2208001 I
V 1 0 30 4 7. 1 7777 778 5. J0c49377
PI Q 30 51 . 77777 778 9. 707 3 3 946
FSIO 30 4 9.31111111 5 .024 0 29 1 1
RPERC 30 15.233323J3 19.162 5 7316
SPERC 30 1 1 . 366666c7 13.4 3049370
ARPERC 30 20.63333333 12.275 73754
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TABLE 34 (cont'd)
Cluster 3
VAR I A13L E N ME Arj S T A N D A R D  
DE V  I AT I O N
I N F O 41 4 2 . 1  1 2 3 2 1 1 4 5 . 9  0 4  6 1 6  7 2
COMP 41 4 Q . 0 4 3  7 8 0  4 9 7 . 6 6 / 2 4 7 4 0
S I M  I L 41 5 1 . 5 4 4 7 1 3 4 5 5 . 3 7 9 8 / 8 2 0
VOCA13 4  1 4 8 . 4 5 5 2 8  4 5 5 6 . 5 4 4 6 1 4 4 5
P P V T  10 41 4 8  . 6  5 4  1 4 6 3 4 9. '  3 2  J 7 4 6 5  3
AUDR 4 1 0 . 0 0 0 0 0 0 0 0 0 . 0  0 0  0 0  0 0  0
AUDL 41 C . OOOOOC OO 0 .  0 0 0 C 0 0 0 0
S S P C R 41 2 7 . 5  7 6 1 6 4 0 8 1 7 . 0 5 1 8 1 7 5 7
A U D C L O 4 1 4 2 . 4 4 2 2  0 2 0  8 1 C . 9 4  0 0 9 6  8 7
S E N ME  A 41 3 2  . 1 b o  5 4 5 9 2 1 3 . 0 1 1 3 7 2 0 7
V F L U 4 I 3 8 .  2 0 0 3 4  84 8 .  3 7 6 C 7 3 1 e
A R I T P 4 I 4 1 . 8 6 9  91 8 7 0 b . 2 7 3 0 3 3 1 0
D I G I T S 41 4 1 .  7 8 8 6 1 7 3 9 7 . 2 6 P  5 6 0 9  5
COO I MG 4 1 4 8 . 2 1 1 3 6  2 1 1 6 .  7 5 9 0 4 4 6 6
P ICCCJM 4 1 S 2 . 1 7 0 7 2 I V 1 10 . 6 9 6  6 0  4 3  3
P I  C A R R 4 1 4 6 . 8 6 1  7 8 6  0 2 °  . 5  5  0 e 2 0 5  0
f J L KDES 4 1 5 4 . 5  ■’;> 8 6 4 5 5 3 7 . 9 4 9 7 0 6 4 1
OBJ  A S S  • 4 1 5 j  • 4 v 5 ■» j  4 9 0 ■3 . 9  7 0 c 4 u 5
V I S R 4 1 0 . l o j  1 2 1 y  5 0 . 4  7 8  9 b  I 3  8
V I SL 4 1 0 . 3 0  3 c 5 36 6 1 .  3 5 5 c 5 6 0  0
TAR GET 4 1 4 3 . 4 3 P. c <! 5 6 1 1 1 . 5 5  4 7 3  7 /  3
T ACS 4 1 C . J 4 I ' .0 3 4  1 0 . 6 3 3 4  8 2 2 1
T ACL 4 1 0 . 2  5 2 6 6 2 9 3 C . 9 2 8  5 4  4 6 3
F AG N R 41 5 7 .  1 2 1 5 1 2 2 1 1 . 9 0 8  2 9 0 1 6
F  AC  Nl_ 4 1 5 2 . 2  7 6 4 2  2 7 0 1 3 . 0 1 7 9 1 5 5 3
P TWR 41 4 7 . 0 2 6 2 2 2 9 0 1 7 . 2 9 4  82  3 0 4
F T WL 4 I 4 5 . 9 3 2 8 8 7 9 7 1 6 . 0 6 9 9  10 5 2
A ST R 41 4 5 . 3 6 9  3 9  1 5 8 1 4 . 5 2 7  6 6 7 2 9
A S T L 41 4 0 . 6 9  4 3 5 9 0 4 1 3 . 4 5  6 1 0 9 0 3
T P T D T 4 1 5 2 . 7 8  3 2 2 2 1 9 o . 7 5 3  13 7 8 0
T P T N D T 4 1 5  1 . 4 9 0  S3  74 0 6 . 4 4 6 8 3 1 3 7
T P T B T 4 1 4 9 .  4 4  2 3 3 0 o 6 1 1 . 0  6 4  3 I 3 9 1
T P T M E M 4 1 4 c .  0 5  3 5 2  l S -J 9 • u 1 4 14 9 6 2
T P T L O C 4 I 4 7 . 2 74 9 4 4 6  7 I 1 . 2 2 9  7 7 2 8 4
T APR 4 1 6 2 .  2 2 4  1 m 09- * 1 0 . 0 9 2 5 3 4 6 8
T AP i. 4 1 4 7 . 1 5 5  4 6 9 3  2 8 . 4  3 0 9  I  3 2 5
F TA PR 4 1 3 2  . 2  /  cl 3 4  s 78 5 . 0 2 2 4 1  4 o  7
F TA PL 4 1 3 0 . 4 2  7 2 0  IC. 6 5 . 7 9 8 9 7 6 0 5
GRI  PR 8 Ij 4 2 . 4 0 0 2 1 3 2  d 1 0 . 1  . 1 9 9 6 3 3 8
GR I P L 3 0 4 1 • 3 J 8 8 2 2 6  0 1 0 « b 3 6 5 0 7  8 0
PEG SR 7 4 1 6  4 . 9 0  0 3 5 5 0 0 7 . 1 4  0 5 2 3 5 8
PEG S L 7 4 I 4 1 • 3 4 2 8 1 6 4  3 1 1 . 2 0 7 6 5 1 1 0
CATTCI T 4 1 4 9 . 9 7 3 3 4  / 1  J 7 . 3 9  1 3  7 4  4 1
T R S B T 4 1 2 9 . 7  2 2 4 0 6 1 9 2 8 . 3 5 8 5 4 9 9 9
CAGE 41 1 0 . 7 6 2 1 7 0 7 3 1 . 3 4 2  U 0 0 4
V I Q 41 4 4 . 5 8 5 3 6 5 5 5 4  . 0 4 4 7 3 6 2 3
P I O 41 5 2 . 3 0 8 3 4 3 0 9 7 . 5 9 5  4 6  2 9  2
F S I  Q 4 1 4  5 . 0 3 7 5 6 0 9 8 S . 1 3 9 2 0 6 0  0
RPER C 41 1 8 . 1 4 6 3 4 1 4 6 1 4 . 5 6 8  0 4  3 9  0
S P E R C 41 1 1 . 0 4 8 7 2 0 4 9 1 1 . 3 0 6 9 6 9 5 8
A R P E R C 4 1 1 7 . 2 9 2 L 8 2 y 3 1 1 .  1 6 7  4 6  1 4 4
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TABLE 34 (cont'd)
Cluster 4
VAR I ABLE N MEAN ST AN CA AD
DEV 1 AT ION
INFO 2 1 4 j . .12323233 .7454 8 :> 3 6
COMP 2 1 45.b5o82o40 6 . 6  2c 8 72 0 3
SII-IIL 21 b 1 . 2 o V U 4 I 2 7 5 . 5 1 4 0 7 rf 1 6
VOCAB 2 1 46. 6 6 0 6 6 6  0 7 8.319 17104
PPVT IU 2 1 4 8.58412696 815495 I 34J
AUDR 2 1 0.0476150b 0 .2 1 8 2 1 705
AUDL 21 0 .0476 1505 0.21621789
SSPEP 2 1 3 7 .S0G 2 0 7.*l 6 19.29 1 42 60 7
AUOCLQ 2 0 4 1 . -i 7625COO 1 3 .87 57 2053
SENMEM 2 0 3 1 .4 1735130 11.03610990
VFLU 2 0 37. :) 7 85 7 14 3 7 .84 4 78 35 1
AR I TH 2 1 4 4. 761 9 C 4 7 0 9 . 0  36 24112
DIGITS 2 1 4 7.30156730 9.22671529
COD ING 21 5 1 . '3 6 73 0 1 b ‘-3 9.52301564
P ICCUM 2 1 40 . 52300952 8 .85 44 9 6 8 4
P [CARR 2 1 4 9.0 82 53 96 3 11 .2495265 1
13LKDES 2 I 4 S . 0 9 5 2 2 6 I 0 5.82 6 22500
OBJ ASS 2 1 5 2 . 2 2 2  2 2 2 2 c 8.35875493
V I SR 2 1 0.428=714 3 0 . 9 7 P 3 3 6 7 3
V I SL 21 0. J .1333 333 0.7 20 25 6 74
TARGET 2 1 3 6 . 5 2 t: 2 4 6 4 O 1 0 . 6  6 0 0 a0 S2
T ACT 21 0.523dC9b2 I . I 0 7 0 J O 7 5
T ACL 2 1 0.42657143 1 . 12122 382
FAGNP 2 1 4 1 .42857145 16.00176561
FAGNL 21 3 3.9 047ol90 27.962 76113
FTWk' 2 1 - 1.7635940 ; 32 . 195 14 73 1
FTWL 2 1 -0. 1 4236 c Cl 49 .54o 41031
AST R 21 35.63 069946 14.340 395 13
A ST L 21 4 3.29309502 13 . 02638350
TPTDT 2 1 4e.02269916 8 . 4 S 8 41 10 1
t p t n d t 21 46.9 24 46 502 1 1 .177 C79 1 I
TPTDT 2 1 43.2 6 09506 4 16.32 4 54755
TPTMEW 21 0 2 • 6 2 C 9 6 4 1 3 6.4752199 4
TPTL OC 2 1 53 . 0 4 55 5 7 62 12.36011321
T APR 21 5 2. 19190 52 *3 1 1 .59 7 39 24 8
TAPL 21 38.651 c5 027b 10.57863026
r- T A P R 2 1 3 3.4 6055236 7 • 5 5 6 2 9 6 6 5
F TA PL 2 1 3 2 .0 4265714 6 . 3 5 8 t c 2 7 2
GRIPR 1 1 4 5.15373206 15.32238875
PR I PL 1 1 3 3.2 9 1 6645 6 1 cl . b 2 2 0 1 8 / 6
PEG;.i ' 2 J 6 0  . 3 0  1 9 4 2 e O 10.95 ( .1 435
PE G SL. ~ 2 0 4 I .  O 9 4 4 4 4 12.65/77491
CATTOT 2 1 4 5 . 7 1 4 5224 3 6.72330854
THSfJT 21 46.0410254 1 6.9 1493592
CAGE 2 1 12.3045 2361 I .495 7 7 42J
V 10 21 4 5.60253566 6.95259839
PIO 21 50.34920635 7.643 78919
r  s i  o 2 1 46.03174603 5.20032559
RPEIi C tU  - 1 7 .4000 000 0 13.236313 69
SPERC 2C 15.30000000 16.6452142fc
ARDERC 2 0 16.4000000 0 12.9 0813869
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TABLE 34 (cont'd )
Cluster 5
VAR I ABLE N M c A N STANDARD 
DCV1 AT IuN
INFU 1 <2 A A. 1 cUttidf 6.o85L 7 92 3
COMP 1 2 a d. 3 3 J 2 J 2 3 3 9.0 A 33AC JA
S I M I L 1 2 5A. 1 c£;t>cC.o7 5.8616 220 1
VOCAB 12 A 7.500 00000 7.537 7836 1
PPV T 10 1 2 5 0.3 80U8drt9 7.137 65563
AUDR 12 0•0 833 3 33 3 0.2886751J
AUDL 1 2 C. 08333833 0.2 8867513
SSPER 12 53.6390 1515 7.30 173 78 7
AUDCLU 12 Ad. 9 295 f! 333 9.0938 00 7 0
SENMEM 1 2 A 3 . 7 .3 v 1 3 0 A 3 7. 182 Cl 72 2
VFLU 12 A 0 . 7 A 7 0 2 3 6 1 6 . A A 9  2 1 6 1 1
AR I TH 1 2 A 6 . V A A A A A A A 6 • 5 6 A 0 U A A 7
D IG I TS 1 2 Ad.61111111 7.31 1 03129
COJING 1 2 A 2 .6 38 88389 0 .50026A95
PICCOM 1 2 5 A . 16 666667 9 . 2250203 7
PIC ARR 1 1 50.90905091 8 . 1 7 72 2 761
8LKUES 1 2 5 0.5 555555 6 5.206 A 097A
OBJ ASS 1 2 5 2 . 6 0 0 0 0 0 C 0 11.9022 1071
V I 5R 1 2 0. 0 J 0 0 0 0 0 0 0 . 3 J 'j J j 0 0 0
V I SL 1 2 o. ooo o o t; o o 0 .00000000
TAR GET 1 2 2 2 . 6 6 0 6 5 •* A o 1 2 . 6 2 5 7; R 3 A 3
T ACi< 1 2 0 . 3 3 3 3 J 3 3 3 1 .  1 8  a 7 0 0 P •+
TACL 12 0 . 0 6 J J o J J 3 0. 2 3 6  6 751 3
FAG NR 12 5A.d 3333333 5 . 0 7 •.! 1 7 u 7 2
FAGNL 12 A 7 . 6 1 1 1 I 1 1 1 1 3 . OA 0 5 . *t> A
FTV.'R 1 2 8 2. 7 7 A 6 0 O 1 G 1 1 • 7 0 7 7 0 A 3 8
FTWL 12 A 8 . 9 6 9 Si A 33 A 2A . 2A 1 0080 2
A ST R 12 50.0 Ad 1 6650 6. 9A9.3037 A
A STL 1 2 52 . 3AA38220 1 0 .AAA 90195
TPTDT 12 A 5.Jd0 7A 20 1 5 . 1 1 o 6  J A 6 7
TP T.NOT 12 5 1 . A 1 d 1 2 1 A 3 5.7 5v25702
TPTL3T 1 2 A A.5357 0376 1 3 .  V 5 1 c  .■> 3 3 7
TPTMEM 1 2 5 2.11111111 1 0  .  J  7 2 1 J A 9 2
T P T L H C 1 ? 32.A 1 3 10 5o7 1 0 . 5 9 V  l v « i l ( i
T APR 1 2 5 5 .Si 89 J Mt!0 7 . A o  1 C J 6 2 2
TAPL 1 2 A 3 . 2  6  5  2 J A 0  I 1 0 . 8 1 2 7 .1A 7 5
h T A"R 1 2 3  A . 1 9  A 1 6 6  •; 7 6*52 9 1 -j 5 2 1
F TAPL 1 :• 2 2 . 3  9 2 6 0 0 G u 5  .  0  3 3 d A 9 3 7
G R I  P R 1 J a 9 . 0 6 7 c 0 9 1 7 1 2 .  6 32 2 3 6 95
u R I PL 1 0 A 1.53 5 5 810 / 12.5 /_> 2 2 2 9 2 3
PE GSRT 1 2 A 6.2 2 3A 3753 8 . 6 8 A A 3 9 2 0
PEGSLT 1 2 3 d . J i  6  3 2 /! li J 6.071 7 / 7 c 7
C. AT T OT 1 2 52 . 9  1 d t .2dA9 6.70401763
TRS DT 1 2 A A .6 9318 OA 6 1 0 . 9 1 2 6 1 7 A 2
CAGE 12 1 1.A 69 16067 1.35921392
V I 0 1 2 A c . 5 0 0 0 0 0 0 0 5.5203v 37 8
P 10 12 5 0 .3 836 68.39 7. 1 82 7V333
F S I 0 1 2 A 5.36688889 6.510 023 52
WPER C 1 2 50.06323333 3 1.19 2 6 2 6 A 9
SPERC 12 30.08332333 27.070A7A80
ARPERC 1 2 2 2•A 166 6 667 2 I.330551 A3
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TABLE 34 (cont'd)
Cluster 6
VAR I AHLC-. N MLAM ST AN CARD
Dl VIATIo n
* INFO 10 A 4 3 5.33323.'. 4.72712164
* CQMP 10 A J 666 7 S .317 I 3 49 4
S I M I L 10 5 1 335-5533 2 . 5 82 2 2 afa 7
VO CA 3 10 47 facfauofao? 5 .2234041 2
PPVTIO 10 47 4 06 6 6 6 6 7 Q .402 23 56 3
AUDR 10 0 00000000 o.-00 0 00 00 0
AUOL 10 0 0 3000000 0.0 0 003003
* S5PF.R 10 so Li V 7 Li 7 a  I .i 7. 1 29 52 0 0 1
* AUDCLO 10 6 5 I 5 0 0 0 0 0 3 14 .0 39 7 2639
SENMEM 10 3 i 4 7 d 2 6 C d 7 1 7 . 3 7.8 5 d 1 I 4
VFLU 10 4 0 20 / 1 42 6:> 9 . S 9 2 54 o S 9
* ARITH 10 4 4 fa 66 6 6 61-. 7 9 .322745 ' 5
* D I G I T S 10 SO fa 6 fa u c fa o 7 7 .33 6 c: 9 9 ! •
* COO I NG 1 0 5 5 0 3 0 0 0 0 0 0 1 0 . 0 9 2 1 fa 7 d S
* PICCOM 10 4 d 6 6 6 g 6 6 c 7 fa .45 '+ 24320
PI CARR 1 0 5 4 0 0300 19 0 fa .99 2 0 5fa'- R
* -JLKOCS 10 5 4 6 6 fa»i 6 fao / 9 .962 69 a i .’
* ORJASS 10 s 9 3 235 2 53J 1 1 . 632 2.i 4 2 y
V I 5 R 1 0 0 2 0 000030 J.4 21 E 5 7 32
V I SL 1 0 0 3 cccnooj 0 . 6 74 S 4 35 g
* TARGET 10 49 0 6 j  0 '*• 1 2 fa 9 .4 14 4fa 1 2 7
TACK 1 0 0 O 3 3 0 0 J 0 0 1.26491 1 0 fa
TACL 10 0 1 3 0 0 0 0 3J 0 .310 2277 7
* FAG.NR 1 0 5 9 4 C 0 0 0 0 0 0 1 0.91tofc59t>6
FAG N L 1 0 5 0 2 fa fa c. fa 6 o 7 3 . 71) I 2 3 fa 6 3
* F TWR 10 SO 0 22 4 5 51 6 7.739 329 1 5
FTWL 1 0 4 <3 t»c2 2c903 1 1 .4114 4.; 77 6
ASTR 10 33 c 3 6 6 4 4 fa 9 1 2 .89-3 2 3 362
* A STL 10 3 C 7 2 rt 7 5 d 1 7 7. 3 2 9 9 a a 3 a
* TPTDT 1 0 5 J o <« 5 >0 9 7 4 3 7.3/5 86 92 0
* TPTNDT 1 0 5 2 0 7 30 4 246 6.5 33 7 1569
TPTlJT 10 4 0 ;! / S 7 5 76 5 12.01913ooS
TPTMEM 1 0 ».J (•00 0 0 006 1 2 . 2 1 2 4 2 0 .> 1
TPTLGC 1 0 -> 0 fa 6 7 1 4 2 d t. 14.1 12 1o9 6 7
* TAPR I 0 A — 3 n 3 G c 5 0 4 1 0.5 3d C 3 :i7 2
* T AJL 10 5 0 fa fa 0 f - 5 6 G 7 7.Edo 07 7 1 1
FTAPR 1 0 3 I 6 1 7 0 J 0 3 0 4 . 5 7 9 / 3 :> 1 1
F T A PL I 0 •j . 3 J fa 0 0 C 0 :) 4 . <>9 3 03 7 09
'GRI PR fa •»e 3 2 I fa 3 7 4 3 11.7/1 fa., 990
OR 1 PL t 33 > 4 fa 3 2 54 6 1 5 . 3 v O 11. 7 1
* PEGSHT 1 >■) 5 6 1 2 1 C 2 0 »J o 5.432 C .97 0
* PEG SL T 1 0 4 1 7 Z fafatotofafa 9. 0 7Sr>5 1 0 1
* CATTOT 1 0 A 9 647 4 565 6 7.16c 62259
* TF7SOT 1 0 4 0 94 10661 to G.56321359
CAGE 1 0 1 C 42320000 1 . 19375922
V 10 I 0 4 c 2 66 6 6 66 7 4 .0 7067314
PIG 10 56 0 6 66 6 fa 6 7 0. 0 335 7153
F SI Q 1 0 50 3 66 6 6 6 fa 7 4.4 67 16 4 15
RPERC 1 0 33 0 0000003 2 5.9 4 4 3 8 4 9 fa
S P E R C 10 2  6 1 0 0 0 0 0 0 0 23.43525260
AR°fc‘ RC 1 0 2 5 2  0 0 0 0 0 0 0 7 .728 7342 6
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TABLE 34 (cont'd)
Cluster 7
VAR I ABLE N m e a n s t a n d a r d
DEV I AT ION
INFO 23 A2.75362319 6.094 60335
COMP 23 47.9 7101449 8.600 73242
SIM I L 23 -53.7SP11594 7.05707953
VOCAB 23 47. .12608696 6.48257659
PPVTIQ 23 75.36231GQ4 125.33905771
AUDP 23 0. 130 4 34 78 0.45769659
AUDL 23 3.0434 7826 0.2085144 1
SSP-R 23 52.41097233 10.17454642
AUDCLO 23 42.07173913 3.54120462
SENMEM 23 37.47059943 12.91600192
VFLU 23 37.71428571 7.36652252
ARITH 23 46.8 I 15942 0 7.69563272
DIG!TS 23 47.6011594? 7.0 77 52 093
C 00 ING 23 5 I.00405797 9.418 76 9 51
PICC OM 23 54.49275362 I 0.3293809 1
PICARR 23 5 5.7 9710145 10.6 466J 70 0
□LKDES 23 54.20289055 8.83161169
OBJASS 23 56.08595652 9.137 1245 1
VISR 23 0.00000000 0.0 00 00 000
V I SL 23 0 . 0 36 9 56-5? 0.2 3810407
TARGET 23 50.7201 C 343 8 .57068022
TACR 23 0.2173 9130 0.51343436
TACL 23 0.0 4 34 7B2 6 0.208 5144 1
FAGNR 23 51.0 4 347026 8.715 077 12
FAGNL 23 42.43473261 20.67919393
FTWR 23 56.91642094 8.97171 11 I
ftw l 23 4 0.6Q570O71 24 .05 I 62529
ASTR 23 5 3.99 3 2 532 3 5.66 7 78 34 0
A STL 23 51.3699102 0 I 0.036 33021
TPTDT 23 52.74 352 65 T 6.94 3 4919 0
t p t n d t 55.19752895 6.09554005
TDTBT 23 4 8.6 324 295? 14.19546 06 2
t p t m e m 2 3 5 3.62310 04 1 10.0019212 0
t p t l o c P3 6 0.17447770 1 0 . f>4p I 0 1 74
T APR 23 50.°12 47216 6 . 097604t 3
TAPt. 23 4 3.2 251207 7 8.4505061O
FTAPR 22 7 5.7;; 500009 4.62537567
FTA PL 22 3.3 . 1 304 3455 4.43? 254 59
GR I PR 1 R 5 0.32414369 9 .02232584
GRl PL 13 41 .43 4 0 4264 I 1 .024353 1 1
P5GSRT 23 66.26496206 3.31565978
PEGSLT 23 52.74033016 6.523 1 0.879
CATTOT 23 53.42874061 7.75468600
TPSBT 23 5 1.91547642 6.62501349
CAGE 23 1 2. 1 300434 0 I .05 107467
VIO 23 4 7.53623108 5.3 42 54 00 3
P I 0 23 56.20995507 6 .942 26140
FSIQ 23 51.82600696 4.98165277
RPERC 23 29.73913043 26•936 89473
SPERC 23 20.17391304 25*93938185
ARPERC 23 I 3.43470261 10.28160797
*Denotes dependent measures used in s ta t is t ic a l  treatment o f
■ § i - -i _
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190
JT Score Means and Standard Deviations 
of Variables fo r  Each Dextral Centroid Sorting Cluster
Cluster 1
VARIABLE N ME AN STAND/. Ri) 
DEV I AT 1 ON
* INFO 30 4 5.33332333* COMP 30 4 9.1 1 11 I 111 •9.21969076
SIM IL 30 S3 .44444 44 4 6. 15773070
VOCAB 30 4 7.4 4 4 44444 5.916C1945
PPVTIQ 30 46.93333333 0.44472675
AUDR 30 C.1COOOOOO 0.308 123 53
AUDL 30 0.2666oo67 0.52033046* SSPER 30 2 2.99106061 24.652 39386
* AUDCLO 30 44.40250000 14.958 705 15
SENMEM 30 3 6.97 97 I 014 12.0 34 82 19 0
VFLU 30 36.56214 2 06 8.10 '6666* ARITH 30 4 5.4 4 4 4 4 4 4 4 7.19106157
* DIGITS 30 4 4.7 7777779 8.10294556
* CODING 30 49 .22222222 10.365734 I 5
* PICCOM 30 S3 • 5 555 Sb5o 10.316C5 6 17
PtCARR 30 S I .33333333 7 .56073745
* BLKDES 30 50.11111111 9.03307390* OBJASS 30 52.22222222 12.076S0825
VISR 30 0.6 0000030 0.39442719
V I SL 30 0 . •3 66 66 66 7' 2 .096 52143* TARGET 30 4 2.90525l'l 6 10.4 86 259 3 5
TACR 30 0.9 6666667 I . 54212 370
TACL 30 0.66666667 1 . 195 7 7 801
FAGNR 30 -5.00000000 37.79709396
FAGNL 30 1fc.77777776 26.71095 07 0
* FTWR 30 4 0.79554823 12.93192 799
FTWL 30 4 0.0416356 7 1ST. 3 89 0 1 IttC
ASTR 30 34.87098901 1 4.72525 174
A STL 30 3 9.2 6 214970 1 2 . 35601598* TPTDT 30 5 1 . 3 6 7 5 4 2 0 1 11 . 4 1 6 7 5 7 3 5
TPTNDT 30 4 9 .9 964 1 cJ‘53 9 . 7 64 4 <>9 1 0
TPTBT 30 4 7.65019240 1 1 : 763 *80543
TPTMEM 30 3 0.4 5355350 11.269 6 4 69 7
TPTLOC 30 46.791 7 7469 1 7 . 2:> J 4 V 5 3* TAPP 30 5 2.32179 9 71 1 0 . 1 7 3 7 7 4* TAPL 30 4 1 . 632 1 f-453 ■ ■. . r 4 o l s
F TAPR 3 0 30.53233333 4 • T /’* ’'* 'R J
F TA PL 30 28.0 7600000 5. 9 7C • :87m
GRIPR 23 48.3 0096231 1 4 . .'.1 t;7 58 9
GR I PL 29 4 1 . 3 3 6 6 3496 -14.34761433* PEGSRT 30 5 C.99419127 9.64314609
* PEGSLT 30 J 7.0148 1 43 1 13.4268 0240
* CATTOT 30 49.7 7661977 9.03724735* TRSQT 30 40. 1 73 2 F 77 7 13.794 21550
CAGE 30 10.64610000 1 . 2 2 0  8 ) 0 1 1
V IQ 30 47.1 77 7 7 778 5*306 4 9 377
P IQ 30 51.77777778 9.70733946
FSIQ 30 '4 9 i'311 1 1 11 1 5T0 24 0291 1
R P E R C 30 15.23333333 19.16297316
SPERC 30 11.36666667 13.43049370
ARPERC 30 20.63333333 12.27973754
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TABLE 35 (cont'd)
Cluster 2
VAR I ABLE N MEAN STANDARD 
DEVI AT ION
* INFO 4 0 42.25000000 5.817132S7
* COMP 40 48.25000000 8 .63925646
S I MIL 40 52.25000000 5 .86590419
VOCAB 40 48.33333333 6.429 54 36 3
PPVTIO 40 46.33333333 9.24856 191
AUDR 40 0 .0 0 0 0 0 0 0 0 0 .0 00 00 0 00
. AUDL 40 0.0 00 0 0 000 0 .0 30 00 00 0
•f SSPER 40 23.87575545 13 .61053248
* A UDC LO 40 43.65437500 10.72471069
SENMEM 40 32.77608696 1 1 .0 03 79791
VFLU 40 39.77232143 8. 149 19540
*ARITH 40 4 2.0 -333 3 333 5 .532 20106
* DIGITS 4 0 4 2.33332333 7.5 1H256 3 8
* CODING 40 4 7.50000000 9.20o40184
*P ICCCM 40 5 4 • I 6 6 <>6667 10.56 1 IV709
PICARR 40 4 8.75000000 3.76042318
* B LKDE S 40 55.25000000 7.314 17466
* 0 BJA SS 40 55.25000000 9 .023 15792
VISR 4 0 0.20000000 0.68687326
V ISL 4 0 0.3 750 0 0 00 1.37164509
* TAR GET 40 41. ►< 1262 7 18 12.5842*436
TACR 40 0.3 2500000 0.888 3144 5
 ^TACL 40 0.2 7500000 0.93335623
* FAG NR 40 56.80000000 1.1 .37801 244
F AGNL 40 52.08333333 12.96692044
*FTWR 40 47.46649461 17.00595693
FTWL 40 4 5.91661123 15.67828729
ASTR 40 44.9d576923 14.13543374
A STL 40 4 0.69584500 13.58064435
* TPTDT 40 52.80252938 8 .045 35261
* TPTNDT 40 5 1 .51088164 6 .679 25509
TPTBT 40 49.51793141 1 1 .324 99 1 18
TPTMEM 4 0 4 5.22916667 9.536076050
TPTLOC 4 0 4 7.25551948 1 1 .25593437
* T APR 40 61.6 0 075786 10.13550782
* TAPL 40 4 7.32879708 3 .33856812
F TAPR 4 0 3 2.46075000 4.96635572
F TA PL 4 0 3 0 .64 1 75000 5.50643674
GR I PR 35 4 7.5 165 9 4 3 2 9.78097407
OR 1 Pl_ 35 40.46963184 1 0 .30725568
* PEGSRT 40 55.0 8656340 7.43096652
* PEGSLT 40 42.18055556 10.85816696
* CATT QT 40 4 9.9699 5317 7.33625121
* TR SB T 40 2 7.9723781 1 27.95168267
CAGE 40 10.00522500 1 .32671256
V TO 40 4 5.05000C00 4 .68467222
P IO 40 53.0 3333333 7.37277660
FSIQ 40 48.73333333 5T41350 006
RPERC 40 13.32500000 14.60485957
SPERC 40 1 1 .32500000 11.75909359
ARPERC 40 I 7.55000000 1 1 .05916490
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TABLE 35 (cont'd )
Cluster 3
VAR I ABLE N MEAN STANDARD
/ DEV I AT I UN
* r NF O 22 42.57575753 6.16626640
x COMP 22 4 8.73787879 7. 93 795081
S IM IL 22 53.48484043 7.088 05 33 5
VOCAB 22 4 7.57575753 6.52077009
PPVT IQ 22 76 . 3 9.39393V 128.18545290
AUDR 22 0 • 1 3 0jfio6'* 0.46 756283
AUDL 22 0.045454 5 3 0.21320072
* SSPER 22 52.02685950 10 .234 563 1.5
* AUDCLO 22 42.09772727 8 .741 27085
SENMEM 22 37.05928854 13.064 73967
VFLU 22 37.67694805 7.53764828
* ARITH 22 4c. 3 c .3 6 3 63 6 7.55 2 9237 4
* DIGITS 22 4 7 . 1 2 1 2 1 2 1 2 7 .5 79 94 11 2
* COD ING 22 5 1 .3101010 2 9.6 34 99 3 I 4
* PICCOM 22 5 4 .54545455 10.56 6 20910
PICAKR 22 5 5.4 54 54 545 0. 76666089
* BLKDES 22 53.93939394 3.9 46 42 2 75
* OBJ ASS 22 55.75 757576 9.21132373
VISR 22 0. 00000000 0.000 00 000
V I SL 22 0.09 09 0909 0.2 94 24*94
* TAR GET 22 5 0.3 752 1302 8 • c> 16 6t> 6 9 8
TACR 22 0.2272 727J 0 . 5 2r. •» I .»* j
TACL 22 0 . 0*645-*5 5 0.2 12 20 0'' ’
* FAGNR 22 51.0909 0909 8.91712bbc
FAGNL 22 4 1•6 3 6 3 6 5 64 20.790440b9
* FTWR 22 5G.9470 1342 9.07924402
FTWL 22 48.42024457 25 .400 46545
ASTR 22 54.00525071 5. -30040854
a. A STL 22 5 1.5331 0903 10.24 119 690
* TPTDT 22 53.32683300 6 .7972538 8
* TPTNDT 22 54.9103 784V 6.0 77 34 33 6
TPTBT 22 48.04620305 14.24171696
TPTMEM 22 53.5227272 7 10.22540868
TPTLOC 22 4 5.857 73310 1 0 . 967 76598
* TA°R 22 5 6 .8443551 2 7.04 1754 60
* TAPL 22 42.? 77 7 0691 6 .65370780
FT APR 2 1 3 6 . J 4 7 1 4 2 8 6 4 .3 7022 99 1
FTAPL 21 33.331 5047'.. 4.48 29p 6 5 7
GRl PR 1 7 5 0. 0 32 c 52l>9 I 0 . 0 2<) 52 90 7
GR I PL 17 40.72654265 10.9343153 7
* PEGS- ' 22 6 7.16597557 7.2 1137267
* PEG SL . 22 52.03459506 6 • 6656937 0
* CATTGT 22 53.157 2612 5 7.6 24 50 3 7 1
* TRS3T *» •"> £. 4. 5 1.2 6 c 4 4 72 6 5.9 0 5 8 9 4 3
CAGE 2 2 1 2 . 2 J -> 3 1 61 0 0.9 4.8 68 026
V IQ 22 47.3 3 33 3333 5 . 3 7 D 6 0 o 9 4
PIG 22 5o. 0 30 3 030o 6.99047650
FSIQ 22 51.5 7575758 4 .94860551
RPER C 22 29.04545455 27.4ll28942
SPERC 22 1G.95454545 25 . 66633347
ARP ERC 22 1S.04545455 10.34857834
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TABLE 35 (cont'd )
Cluster 4
VARIABLE N MEAN s t a n d a r d
DEVI ATI UN
INFO 22 43.33333333 6.3235508^ 
•6 .66 I 2532 ICOMP 22 A 5.9 0909091
S IM I L 22 51 .0606 CbOb 9 .337 09 46 9
VOCAB 22 46.515 15152 8.81760742
PPVT10 22 49.06060606 o.351 17356
AUDR 22 0.04545455 0.21220072
AUDL 22 0.04545455 0.21320072
SSPER 22 37.55082645 13.98350890
AUDCLO 21 41.38333333 12.94060594
SENMEM 21 3 1 .9 I 304348 11.00 17o 9 9 2
VFLU 21 37.607 L426o 8.0377127 I
AR I TH 22 4 4.34 84 84 83 ?. .4 1 27726 3
DIGITS 22 4 6.51515132 9 ."*98 7094 0
CODING 22 5 1 .6 6 6 6 6 1>6 7 9 . 1 2 d 7 0 9 2 v
PICCOM 22 4 9. 3939393 •> 7.6 0 570 0.? 7
PICARR 22 6 0.0 00 00000 1 1 .174 422 80
BLKDES 22 4^.33833333 6.150 6c 564
OBJASS 22 5 1.6 6666 66 7 9.47008657
VISR 22 0.4 090 5 091 0.959 12 1 17
V I SL 22 0.31318182 0 .716231 12
TAR GET 22 37.74 4 4 I 590 12.29820201
TACR 22 0.5 DO 0 0 30 0 1. 144 3442 7
TACL 22 0.405 0 909 1 1.09801079
FAG NR 22 42.72727273 15.326 98668
FAGNL 22 35.09090909 27.36934403
FTWR 22 0.14485818 32.45031251
FTWL 22 -2.22888531 47.7036194a
ASTR 22 3 6.7 24 7 0562 14.95300725
A STL 22 44.160 7 2490 13.3 7859 118
TPTDT 22 4 8.60255572 8.259 429 30
TPTNDT 22 4 8.8 9875235 10.9 11 9240 3
TPT0T 22 41.40675357 17;2987o870
TPTMEM 22 5 1 .99 24 2 42 4 6 .92 18000 2
TPTLOC 22 f> 0 . 59248327 12 .32 5 28 79 1
tapr 22 53. 28464C28 11.48606341
TAPL 22 3 9.2 8 2 -J 4 C 0 4 10.64492178
FTAPR 22 3 2.41681818 7.3 64 64 I 0 0
F TA PL 22 3 2 . 1 772787 3 6.4 2902 139
GRIPR 12 4 2.0677944 ) 1 . 777 679 5 I
GRIPL 1 2 34.52997082 13.25052641
PEGSRT 21 56.34122461 1 0.67133062
PEGSLT 21 43.31216931 1 0.47021755CATTOT 22 4 8 . 8839.3909 6.014915 21
t r s b t 22 4 5.93363796 ' 0.92571624
CAGE 22 12.16054545 1 .o 1441 463
V I Q 22 4 5.8 7 87 8 788 6.61932009
PI Q 22 50.33333333 7.73297755
FSIO 22 ■4 3Vl'2'l'2r2r2* ~S’. "2 39 80’ 0 3"3‘RPERC 21 20.80952381 16.22842891SPERC 21 15.57142857 16.0 1115682ARPERC 2 1 16.28571429 12.74810910
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TABLE 35 (cont'd)
Cluster 5
VAR I ABLE N ME AN s t a n c a r d
DEV 1 AT I ON
* I NFD 15 44 .44444444 6 .56221 153Vf COMP 1 5 4 4 . 4  4444444 8.51391640
SIMIL 15 53.11111111 5 .33730024
VO CAB 15 45 .22222222 6. 154 965 30
PPVTIQ 15 49.9555555b 7.632041 17
AUDR 15 0 . 0 0 0 0 C 0 0 0 0.000 00000
AUDL 15 0.0 3000000 0.000 00000* SSPER 15 4 5. 10 454545 11.63566 5 0 1:k AUDCLO 1 5 41.425 00000 1 0 .43551 297
SENMEM 15 39.53622163 1 I .194 527 63
VFLU 15 J9.1166 666 7 0.9 94 36 4 39JU ARITH 15 4 6.2 222 2222 6.65G7747 1* DIGITS 15 Si * 7 7//7/7o f . 2  A 3 7 7 737
COD I NG 1 5 5 2 .0 00 0 0000 5 . 4 32 7 4 04 3
*.V PICCOM 15 4 7.11111111 8.71 t. 58 39 6
PICARR 15 5 1 .33333335 7 . 2 <■' 3 J 0 6* BLKDES 1 5 4 7.5 33 3 333 3 7 . 2 :>c< 72 4★ oajAss 15 4 4.66666667 7.43223353
V ISR 15 0.06666667 0 .25819£ 3 3
VI5L 15 0.0 ) JO 0000 0.00000000* TAR GET 1 5 4 . . ’•> 4 4 5 054 V 1 0 .634 4 7 732
TACR 15 ' 0.1333 3 35 5 0.35186578
TACL 1 5 0.20000000 0.56C61191★ FAGNR 15 60.13333333 8.39954647
FAGNL 15 50.53333333 13.31951665* FTWR 15 50.49146224 3.57627201
FTWL 15 56.65306726 6.295 10130
ASTR 1 5 5 I .4 24 9 054 2 9.60 2 04 +5 2
A STL 1 5 52.05291005 9 . 51 4 L 6 I 3 1
ik TPTDT 15 52.6108 4 601 7 .3 06 «* 1 I 63•k TPTNDT 1 5 5 0.58751251 6.35 3 7-5 7 1 6
TPTBT 15 5 0.4 724 1038 7.4 3 6 699 0 3
TPTMEM 1 5 49.03333333 1 0.174 89909
TPTLOC 1 5 49.7 7 74 9 913 12 .243 23748•k TAPP 1 5 60.22257935 6.11516790•k TAPL 1 5 4 3 . 7 J 0 I 0 1 0 1 P.065 27003
FTAPR 1 5 3 2 . 7 4 J 0 0 0 0 D 6 . i-i f: 5 7 ; ? 7
F TA PL I 5 3 0.7 380 r, 46> 7 5 .750 1 7 A 2
GR I PR 1 2 4 7 .4263 7 94-0 i o . 8 o : 4 ;> l a l
GRl PL 1 2 43.4 0635829 9 . 97 3 7 1176
★ PEGSRT 15 4 2.31421058 9.967 10133
* PEG SLT 15 31.08703704 1 2 . 4 3 5 2 o 4 4  +
Vf CATTOT 15 5 3.10793319 5.926 34 549j* TRSBT 15 5 2.3 3202614 7. 82 6 2815b
CAGE 15 1 I . 2605 333J 1 .5070487C
V IQ 1 5 4 7.o000000 0 5.24 2 0 764 I
P IQ 1 5 4 7.91111111 7 • 663 3.13 7 6
FSI Q 15 47.4666 6667 4 .748934 72
RPERC 15 4 5.40000 00 0 27.691669 71
SPERC 15 32.86666667 26.07238144
ARPERC 15 2 4.46666667 15.S281ol82
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TABLE 35 (cont'd )
Cluster 6
V A R I A B L E N M ~ A 8 s t a n d a r d
D E V  I AT  I ON
I N F O 9 4 A . 4 4 A 4 4  4 4 4 5 . o o o o o o o q
C O M P 9 4 3 . 7 0 3  7  0  3 7  0 5 . 6  3 8 2 7  5 0 9
S I  M I  L 9 5  1 . 3 5 1 3  5  I 8 5 3 . 3 7 9 2 1 2 5 2
V O C A B 9 4  G .  I  A a  1 A a  1 5 S . 2 9 3 6 6 2 2  3
P P V T 1 0 9 4 6  * 6 0 6 6  6 6 6  7 6 . 4 9 8 3 6 5 8 6
A U D R 9 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0
A U D L 9 0 . 0  3 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0
S S P E R 9 5 0 . 9 0 8 0 8 0 8 1 7 . 3 4 9 2 0 5 4 6
A U D C L O 9 6 3 . 6 6 6 6 6 6 6 7 1 4 . 0  3 5 6 6 8 8 5
S E N M E M 9 4  1 . 0 1 4 4 9 2 7 5 1 7 . 6 9 3 3 7 6 0 3
V F L U 9 4  1 . 5 0 0 0  0 0 0 0 5 . 2 0 4 0 7 1 0 3
AR I  T H 9 4 2 . 7  0 3  7 0 3 7 0 9 . 3 4 5 6 9  1 0 2
D I G I T S 9 5  0 . 3  7 0 3  7 0 3 7 7 .  7 1 0 2  4 4  4
C OD I N G 9 5 6 . 2 9 6 2 9  6 3 0 9 . 7 . 3 1  .>-.>49 2
P I C C O M 9 A 7 .  0 2  7  0 3  7 04 6 . 4 0 7  0 8 1 0 P
P I C A R R 9 5 4 . S 1 4 3 1 4 6 1 6 . 8 9 4 2 6  3 1  9
8 L K D E S 9 5  3 . 3 3 3 3 3 3 3 1 9 . 5 7 4 2 7 1 0 6
O B J A S S 9 5  6 . 1 4 3 1 4 3 1 5 1 1 . 6 7 3 8 8 6 0 9
V I S R 9 0  . 2 2 2 2 2 2 2 2 0 .  4 4 0  9 5 3 5 5
V I  S L 9 0 . 3 3 3 3  3 3 3  3 0 .  7 0 7 1 0  0  7 8
T A R G E T 9 A 7 .  992 !  8 CC 71 9 . 3  1 7 9 4 5 8 5
T A C R 9 0 • 6  0 6 6  6c: 6 7 1 . 3  2 2 8 7 5 6 6
T A C L 9 0 . 1 1 1 1 1 1 1 1 0  .  3  3 2 3 3 3 3 3
F A G N R 9 5 9 . 7  7 7 7 7  7 7 8 I  1 . 5 0 8 4 5 1 0 0
F A G N L 9 4 9 . 9 2 5 9 2 5 9  3 9  » 2 2 2 2 2 2 2  2
F  TWR 9 5 0 . 6 7 0 9 8 9 4 6 7 .  5 1 5 9 2 9 8  I
F T W L 9 S O . 8 2 3 4 4 7 0 7 1 1 . 5 3 5 9 3 3 4 3
A S T R 9 3 4 . 0 9 8 4 9 4 1 0 1 3 . 6  1 1 4 6 5 3  7
A S T L 9 3 9 . 6  9 6 6  2  0 1 9 7 . 0 6 1 3 5 3 0 7
T P T D T 9 5 3 . 9 6 0 0 8 8 0 3 7 . 7 5  1 9 6  3 4  6
T P T N D T 9 5 3 . 6  7 5 6  0 3 8 6 6 . 3 5 1 3  3  4 2 5
t p t b t 9 4  9 . 4  7 3 0 6 3 9  7 1 2 . 6 7 6 4 3 5 6 3
T P T M E M 9 5 5 . 1 1 1  I 11 1 1 9 . 3 4 1 0 9 6 6 3
t p t l o c 9 5  2 . 7 8 7 1 9  5 7 7 1 3 . 1 8 9 3 4 6 7 9
T A P R 9 4 5 . 1 6 1 7 6 5 6 0 1 1 . 1 5 1 0 9 4  8  7
T A P L 9 3  5 . 3 3 2 2  1 1 0 0 ti .  1 4 4 2 4 7 7 9
F T A P R 9 3 1 . 7  5 6 6 6 6 6 7 4 . 7 6 c  1 1 4 7 7
F T A P L 9 2  3 . 7 6 4 4 4  A 4 4 4  . 7 4  4 9 9 2  3 9
G R I P R 8 4 4 . 6 6 1 8 4 2 1 1 1 1 . 4 0 2  1 5 3 3 3
G R I  P L 8 3 4  . 7 5 5 4 9 4 5 1 1 4 . 0 8 5 7 3 4 6 0
P E G  S R T 9 5 6 . 1 0 0  0  0 8 5 1 5 . 7 6 0 5 8 3 0 3
R E G 3 L T 9 4 3 . 1 7 2 8  3  9 5 1 8 . 3 7 0 4 9 3 2 0
C A T T O T 9 ^ . -3 3  0 5 0 7 2  7 7 . 6 0  1 1 3 3 5 6
T R S B T 9 4 6 . 7  3 6  6 0 1 3 1 3 . 2 2 1 7 5  7 0 0
C A G E 9 1 C . 4 5 7 3 8 3 6 9 1 . 2 6 2 2 5 1 0  1
V I Q 9 4  6 . 2 9 6 2 9 o 3 0 5 .  1 6 5  17  3 0 2
P I Q 9 5  5 . 4 3 1 4 6 1 4 3 3 . 2 9 1 7 4  6 0  9
F S I O 9 •5 CT 5  9 2  5  9 2  5 9 •4 . 6 4 8  1 1 1 2  6
R P E R C 9 4 0  . 2 2 2 2 2 2 2 2 2 6 . 4 3 9 5 1  5 7 5
S P E R C o 2  9  . 7  7 7 7  7 7 7 8 2 4 . 2 1 1 4 5 2 7 5
A R P E R 9 2  5 . 0 0 0 0 0 C 0 0 8 .  1 7 0 0 6 7 3 2
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TABLE 35 (cont'd)
Cluster 7
VAR I ABLE N MEAN STANDARD 
DEVI AT ION
* INFO 2 3 A-A .6376 S I 1 6 5.75063724•k COMP 23 A7 .2m-637681 6 .5637t>44 7
SIMIL 23 52•75362319 8.63367643
VOCA3 23 AC.95632174 6 .26945307
PPVTIQ 23 AS.729130A3 7.36235328
AUDR 23 C.13043478 0 .344 35022
AUDL 23 0 • 0 4 J 4 7 8 2 6 0.20851441* SSPER 23 4 1 .5960 A7A3 16.05479742* AUDCLO 23 5 4.10 869 565 13.84714153
SENMEM 23 3 6.61625 709 12.619 564 08
VFLU 23 3 S. 9 4 72 CA 9 7 8 . 0 36 5 71> 9 1V.- AR I TH 23 A £.3 76E115 9 6.5066 4 334* DIGITS 23 AS .94202699 7.10360001* COD ING 23 4 2.31 r! ri 4 05 3 7 . 4 3 2 9 6 2 6 4* P I CCOM 23 6 2.0 2 39 55 1 9 . 306 140 52
P ICARR 22 4 9.3 3 39 3 939 8 .2 703245 6* 8LKDES 23 55 . 3 62 1 1 3S4 9. 08651629* C U J A  SS 2 3 5 ' i  • 1)0 7 2 ^ * 6 3 6 9 .  0  7 9 2 r > J 5  1
VISR 23 0 . 9 4 2 4 ?H2t. 0.20 85144 1
V I SL 23 0.17331304 0 .  4 9  1 0  6 . i l  q* TARGET 23 3 5 .  0 9 3  1 3 c r » 4 1 3 . 26 1 1 8 13 0
TACR 23 0.5o32 1739 0.99 2 36 33 7
TACL 23 0.34 702609 0 . 7 1 a 0 5 9 8 2* FAGNR 23 47.65217391 11.35025056
FAGNL 23 42.3 4 7*3 26 09 20.03720738* FT wR 23 36.17149272 16 .56592446
FTWL 23 36.3650S243 22 .315 00 395
ASTR 23 4 2.4344640 9 14.783 34393
A STL 23 4 1 .2692 2 233 15.11200242* TPTD T 23 53 . 33793072 6.75513160* T PTNDT 23 4 1 .0 379 7331 3 0.653 00 7t> 9
TPTBT 23 42.4 6 HI 4694 25.533 491 7 3
TPTMEM 23 4 9 .020289.86 I 1 .62234732
* TPTLOC 23 4 6.3 6 79653 7 14 .828 024 32T A°R 23 52.68994452 9.99 0 54237•* TA»L 23 3 0.53197139 1 0 . 2 6 5 o 3 3 0 4
FTAPR 23 3 1 .31 4347 3 5 .3 95 4 -JO 02
F TA PL 23 2 9.3 2173913 6.77 30 J 3 I 4
GRI PR 1 7 50 . 0 5522235 1 1 . 767 89969
GR I PL 17 41 .389031 OH I 1 .2822041 5
PEGSRT 23 39.28097349 17.760 3o 709i: PEGSLT 23 4 .  7236305 8 43.4 67 6 1 1 10
* CATTOT 23 5 1 .666 I 7224 7.7 50 25 30 1
* TR SB T 23 4 1.91261344 I I  .90390 I 56
CAGE 23 I 1.53239130 1 .5 79 32787
V I Q 23 4 6.7326 087 0 5 .o84 11636
P I Q 23 5 1.39130435 7.23602950
FSIQ 23 48 .92753623 '51290 50'657
RPERC 23 3 1.0 0000000 27.134 34590
SPERC 23 1 8.6 0869565 22.89052827
ARPERC 23 23.91304348 17.351.74354
* Denotes dependent measures used in s ta t is t ic a l  treatment 
of data.___________________________________________________
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The mean ages fo r Clusters 1 and 5 were s l ig h t ly  higher (11.57 
and 11.46, respective ly ), while Clusters 4 and 7 exhibited the 
highest mean age values (12.30 and 12.13, respective ly ). For the 
centroid sorting relocate solution, Clusters 1, 2 and 6 had s im ilar  
low mean age values (10.64, 10.80 and 10.45, respective ly ), while 
the mean age values fo r  Clusters 5 and 7 were s l ig h t ly  higher 
(11.26 and 11.58, respective ly ). F in a lly ,  Clusters 3 and 4 exhibited  
the highest mean age values (12.23 and 12.16, respective ly ). I t  
was also clear from Tables 34 and 35 that the mean WISC FSIQs 
were f a i r ly  uniform across the seven group average relocate and 
centroid sorting relocate clusters. When the discepancy between 
mean WISC VIQs and PIQs were examined, a l l  of the c lusters , save 
one (centroid sorting Cluster 5 ) ,  exhibited a s im ila r  lower VIQ- 
higher PIQ pattern. For Cluster 5 o f the centroid sorting solution, 
VIQ equalled PIQ. Differences between VIQ and PIQ scores within  
each cluster of the group average relocate solution were as follows: 
Cluster 1 and 5 exhibited very minimal discrepancies; Clusters 2 
and 4 were found to show moderate differences; and Clusters 3, 6 
and 7 exhibited the largest VIQ-PIQ discrepancies. For the centroid 
sorting relocate solution, Table 35 indicates that Clusters 1, 4 and 
7 exhibited s im ila r  moderate VIQ-PIQ score differences, while 
Clusters 2, 3 and 6 each demonstrated f a i r ly  large VIQ-PIQ discrep­
ancies. Of course, as already mentioned, there was v ir tu a l ly  no 
difference between the two values within Cluster 5.
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F in a l ly ,  an examination o f the WRAT subtest scores l is te d  
on Tables 34 and 35 revealed that the mean RPERC, SPERC, and 
ARPERC performances were a l l  below the 30th centile  for Clusters 
2, 3, 4 and 7, and Clusters 1, 2, 3 and 4 o f the group average and 
centroid sorting relocate solutions, respectively. RPERC was the 
sole score above the 30th centile  w ithin Clusters 1 and 6 of the 
group average relocate solution, and within Clusters 6 and 7 for  
the centroid sorting relocate resu lts . F in a lly ,  RPERC and SPERC 
exceeded the 30th centile  w hile , ARPERC was below this value within  
Cluster 5 o f both the group average and centroid sorting relocate  
solutions.
Plots o f  the T score means o f  the variables used in the 
c luster analysis procedure fo r each centroid sorting and group aver­
age c luster are shown in Figures 37 to 50. To begin w ith , inspection
o f these figures indicated that there was a high degree of visual
s im ila r i ty  between group average relocate and centroid sorting 
relocate c luster p ro f i le s . Table 36 contained the Pearson product 
.moment correlations based on comparisons between mean T_scores fo r  
a l l  variables between a l l  possible pairs of l e f t -  and r ig h t-  
handed Q factors , and l e f t -  and right-handed cluster groups. Exam­
ination  of Table 36 revealed that the correlation values between 
group average relocate Clusters 1, 2, 3, 4 , 6 and 7, and centroid
sorting relocate Clusters 7, 1, 2, 4, 6 and 3 were 0 .97, 1.00,
0 .99 , 0 .99 , 0.99 and 0 .99 , respectively. These values provide 
evidence of the s ta b i l i ty  and v a l id i ty  o f the c luster c la s s if ic a tio n s ,
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TABLE 36
Pearson Product Moment Correlation Coefficients for 
Sinistra! and Dextral Q Factors and Cluster Groups
Sinl& tACLl FactoM VoxOuil FactohA SiiUA tACLi Clait&U
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4
LnUtsial FacXou
1 1.00 .02 .20 .06 .03 .34 -.01 -.01 .94 .12 -.12 .03 -.22 -.16 .99 .09 .09 .15
2 1.00 .08 .16 .16 .11 .28 .84 .26 .07 .01 .55 .46 .37 .06 .14 .97 .12
3 1.00 -.16 .14 .30 -.19
COo• .18
00•
o
•i .41 -.01 -.00 .25 .04 .03 .99
4 1.00 • ro VO i • o 00 -.11 .21 .07 .11 .20 .11 .16 -.08 .05 .94 .05 -.19
5 1.00 .29 .19 ..07 .02 .13 .13 .52 .49 .01 .08 .44 .25 .11
6 1.00 1 • o ro I • O H-
* .31 -.01 .13 .66 -.30 .06 .41 .03 .19 .33
7 1.00 .19 .13 -.06 .21 .30 .46 .55 -.01 -.06 .41 -.15
ix & ulI  F a c to r
1 1.00 .26 .25 .14 .48 .47 .42 .01 .13 .81 .11
2 1.00 .17
VOO01 .17 -.03 -.04 .93 .06 .29 .13
3 1.00 .11 .33 .26 ,19 .14 .27 -.01 .83
4 1.00 .21 .24 .33 -.11 .24 .01 .04
5 1.00 .32 .36 .10 .23 .60 .43
6 1.00 .36 -.23 .25 .49 .01
7 1.00 -.14 .04 .41 .10
uvUtAat CluAtoM 
1 
2
3
4
1.00 .09
1.00
.12
.05
1.00
.19
.01
.05
1.00
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and w il l  be commented upon fu rth er  within the subsequent discussion 
on validation of the right-handed c luster resu lts . In te rc o rre la ­
tions fo r Cluster 5 o f both the group average relocate and centroid  
sorting relocate solutions were rather low. The highest corre la ­
tion for Cluster 5 of the group average relocate results occurred 
with Cluster 7 o f the centroid sorting relocate solution (r= 0 .5 4 ) .  
Cluster 5 of the centroid sorting relocate solution correlated high­
est (r=0.64) with Cluster 1 of the group average relocate solution.
One f in a l note on the group average relocate and centroid  
sorting relocate c luster comparisons. Since in te r-co rre la tio n s  
were so high between the group average relocate and centroid sort­
ing relocate solutions, only the former results were compared 
against the l e f t -  and right-handed factor p ro files  generated by 
the Q technique, and the left-handed cluster p ro files  derived from 
cluster analysis. The only exception to th is was in regard to
Cluster 5 of both the group average relocate and centroid sorting  
relocate solutions, where rather low in te r-corre la tion s  were seen 
betv/een these and other clextral clusters.
From Table 36, i t  was ascertained that Cluster 2 o f  the 
group average relocate solution for the dextral sample correlated  
highest with Factor 2 from the dextral sample (r= 0 .9 9 ) ,  with Factor 
1 from the s in is tra l  sample (r= 0 .9 3 ) ,  and with Cluster 1 from the 
s in is tra l  sample (r= 0 .9 2 ) .  These values would suggest that the 
pattern of mean scores for these profiles  were quite s im ila r .  
Cluster 3 of the group average relocate solution fo r  the dextral
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sample correlated highest with Factor 5 from the dextral sample 
( r= 0 .8 6 ) ,  with Factor 1 from the dextral sample ( r= 0 .8 3 ) ,  with  
Factor 2 from the s in is tra l  sample (r= 0 .8 0 ) ,  and with Cluster 3 
from the s in is tra l  sample (r= 0 .8 3 ) ,  indicating a high degree 
of s im ila r ity  in the pattern of scores for these p ro f i le s .
Cluster 4 of the group average solution for the dextral sample 
correlated highest with Factor 3 from the dextral sample ( r= 0 .9 2 ) ,  
with Factor 3 from the s in is tra l  sample (r= 0 .9 2 ) ,  and with Cluster  
4 from the s in is tra l  sample (r=0 .91 ). These values would ind icate that  
the pattern of mean J[ scores fo r these profiles  were quite s im ila r  
as w e ll .  The profiles  o f  performances associated with these factors  
and c lusters , as well as the correlation coeffic ien ts  between factors  
and clusters were interpreted as evidence to validate  the existence 
o f three highly s im ilar subtypes o f l e f t -  and right-handed children.
The following in tercorre la tion  values were obtained fo r  the 
remaining dextral group average relocate c lusters . Cluster 1 from 
th is  sample correlated highest with Cluster 2 from the s in is t ra l  
sample (r= 0 .7 9 ) ,  and with Factor 4 from the s in is t ra l  sample 
(r= 0 .7 6 ) .  The s im ila r it ie s  in these profiles  may represent another 
s im ila r  subgroup of l e f t -  and right-handed children. Cluster 6 
from the group average relocate solution fo r the dextral sample 
correlated highest with Factor 6 from the dextral sample ( r= 0 .7 5 ) ,  
and with Factor 5 from the s in is tra l  sample (r= 0 .6 7 ) .  Again, these 
pro files  may well represent another s im ilar  subgroup of s in is tra l  
and dextral children, despite the fact that Factor 5 from the l e f t -  
handed sample included only a to ta l of six children. Cluster 7
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from the group average relocate solution fo r the dextral sample 
correlated at a 0.68 level with both Factor 7 from the dextral 
sample and Factor 7 from the s in is tra l  sample. F in a lly ,  there was 
a high correlation (r=0.92) between Cluster 5 from the group 
average relocate solution and Factor 4 from the dextral sample, 
suggesting that these profiles  may represent a separate r ig h t-  
handed subgroup. However, c luster 5 from the dextral group average 
relocate solution was the group that fa ile d  to exh ib it  any s ig n i f ­
icant corre lation values with any of the centroid sorting relocate  
c lusters . Thus, th is c luster was only replicable across one 
clustering method. Intercorrelatlbns between Cluster 5 from the 
dextral centroid sorting solution and the remaining clusters and 
Q factors were a l l  f a i r ly  low.
The results of a m isclassification analysis used to 
compare the c luster and factor analytic  solutions derived from the 
right-handed data set are summarized in Table 37. A to ta l o f t h i r t y -  
f iv e  children (30% of the to ta l sample) c lass if ied  together by the 
Q technique o f factor analysis were not c lass if ied  together by the 
group average method of c luster analysis, leaving 81 subjects 
(70% of the data set) that were c lass if ied  into the same groups. 
Agreement between the centroid sorting method and the Q technique 
was s l ig h t ly  lower, with a to ta l of fo rty  subjects (35% of the sample) 
m isclassified , and 76 of the children (65% of the data set) c la s s i­
f ie d  together.
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TABLE 37
Number of Right-Handed Children from Each of the Q Type 
Factors Misclassified by Cluster Analytic Methods
Q Factors TotalMisclassi-
Cluster Analysis 
Method
II of 1 
Clusters (n=20)
2
( h=26)
3 4
( it=18) (u= 11)
5
(n=18)
6
(n=8)
7
(»=15)
f i  cations 
(n=116)
Group Average 7 7 3 6 3 4 4 ' 8 35
Centroid Sorting 7 10 3 7 4 2 5 9 40
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Validation o f Right-Handed Clusters
Following the recommendation tha t a good solution 
should reappear under d if fe re n t  clustering methods (E v e r it t  1974; 
Morris e t .  a l . ,  1981), the results of the group average relocate 
and centroid sorting relocate procedures were compared. An 
analysis of the membership assignments w ithin clusters revealed 
almost perfect agreement between the two methods. More s p e c if ic a l ly ,  
the results showed that less than 5% o f the subjects were placed 
into a d if fe re n t  c luster fo r  the seven-cluster solution. The 
extremely high correlation coeffic ients  presented in Table 36 
between the clusters generated from each method attests to the high 
degree o f  s im ila r ity  between the two clustering solutions as w e ll.
A split-sample design was again employed as a second 
validation procedure ( i . e . ,  the right-handed data set was randomly 
divided into two subsamples, and each h a lf  was clustered independ­
e n t ly ) .  The hierarchical trees obtained by applying the group 
average and centroid sorting methods to the two dextral subsamples 
are shown in Figures 51 to 54. Visual inspection o f these figures 
indicated that both data sets were c le a r ly  structured. The clus­
tering coeffic ients derived through the application of the group 
average and centroid sorting methods to the two subsamples are 
l is te d  in Table 38, and graphs of these data are shown in 
Figures 55 to 58. In three out o f four instances, a search for  
precipitous changes on these plots fa ile d  to reveal one acceptable 
or terminal solution. In the remaining case (Figure 58), inspec­
tion o f the graph suggested that a th ree-c lus ter solution was
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0.081-4- 
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0.128- 
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0.180- 
0 .181- -  
0 . 220-  -  
0 .234- -  
0.243- 
0 .286 - -  
0 .331- -  
0 .333- -  
0 .358- -  
0.370- 
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0.380- 
0 .382 - -  
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Figure 51. S p l i t  sample validation hierarchical tree using group 
average on dextral subsample 1.
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-0.043 -p 
0.189 - - 
0.244 - - 
0.312 - - 
0.322 - - 
0.352- - 
0.357- - 
0.370- - 
0.382- - 
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0.399- - 
0.403- - 
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Figure 52. S p l i t  sample validation hierarchical tree  using centroid  
sorting on dextral subsample 1.
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Figure 53. S p lit  sample validation hierarchical tree using group 
average on dextral subsample 2.
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Figure .54. S p l i t  sample validation hierarchical tree using centroid 
sorting on dextral subsample 2.
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TABLE 38
S p lit  Design Validation Clustering Coefficients  
of Group Average and Centroid Sorting Hierarchical 
Agglomerative Methods Applied to Two Dextral Subsamples
Subsample 1 Subsample 2
n o f  Group Centroid Group Centroid
Clusters Average Sorting Average Sorting
10 .243 .386 .303 .410
9 .234 .382 .256 .395
8 .220 .370 .252 .408
7 .181 .357 .210 .373
6 .180 .352 .199 .362
5 .159 .322 .179 .348
4 .128 .312 .163 .320
3 .116 .244 .122 .318
2 .081 .189 .097 .201
1 -.005 -.043 .064 .165
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Cl
us
te
rin
g 
C
oe
ff
ic
ie
nt
s
226
.40
.35
.30
.25
.20
.15
.10
.05
.00
12345678910
Number o f Clusters
Figure 55. Plot of group average hierarchical c lustering  
coeffic ients  fo r s p l i t  sample va lidation procedure using 
dextral subsample 1.
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Figure 56. Plot of centroid sorting hierarchical clusterinq  
coeffic ien ts  fo r s p l i t  sample validation procedure using 
dextral subsample 1.
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Fiqure 57. Plot of group average hierarchical clustering coeffic ients  
fo r  s p l i t  sample validation procedure using dextral subsample 2.
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Figure 58. Plot of centroid sorting hierarchical c lustering  
coeffic ien ts  for s p l i t  sample validation procedure using 
dextral subsample 2.
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plausib le . From Table 38 and Figures 55 to 58, i t  was c lear that  
several d if fe re n t  c luster solutions were possible. However, to be 
able to adequately assess the number of subjects who changed from 
th e ir  orig inal c lusters , a seven-cluster resu lt was chosen as the 
terminal solution fo r  both subsample data sets.
The f in a l c luster membership d istributions fo r the 
seven-cluster solutions fo r  each subsample following the application  
o f a i te ra t iv e  relocation procedure to both are provided in Tables 
39 and 40. For subsample 1, identical seven-cluster solutions were 
derived from the group average and centroid sorting results fo llow ­
ing i te r a t iv e  p art it ion ing  o f  both. Cluster sizes fo r th is sample 
were 14, 14, 11, 6, 18, 16 and 2 subjects. On the other hand, the 
i te r a t iv e  relocate results fo r  the seven-cluster solutions o f the 
group average and centroid sorting methods applied to Subsample 2 
varied s l ig h t ly .  In the case o f the former, clusters consisted of  
16, 26, 4 , 11, 6, 4 and 13 children, whereas the la t t e r  method 
generated c luster membership to ta ls  of 24, 4 , 8, 11, 17, 8 and 8 
subjects.
Next, the results of the split-sample validation procedure 
was compared against the standard solution by means of m isclassi-  
f ic a t io n  analysis. Table 41 indicates that for subsample 1 there  
were a to ta l o f 13 children who changed from th e ir  original c lusters . 
This was equivalent to 16% of subsample 1. In the case of subsample 2 
(Table 42), the group average relocate method resulted in 30 mis- 
c lass if ica tio ns  (38% of the sample) whereas the centroid sorting  
relocate procedure m isclassified 22 children, equivalent to 27% 
of subsample 2. In t o t a l ,  less than 30% of the subjects, using any
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TABLE 39
Number of Right-Handed Children in Each Cluster 
for 8, 7, 6, 5, 4, 3 and 2 Relocate Cluster Results 
for Subsample 1 of the S p l i t  Sample Validation Procedure
Cluster Analysis 
Method 1 7 6
Clusters
5 4 3 2
Gttoup Average.
1 18 14 14 18 23 45 43
2 14 14 19 17 13 15 38
3 11 11 11 12 20 21
4 5 6 19 19 25
5 17 18 16 15
6 5 16 2
7 9 2
8 2
CzyuOiold S o rtin g
1 18 14 14 18 23 45 43
2 9 11 11 12 13 15 38
3 11 14 19 17 20 21
4 14 18 19 19 25
5 17 16 16 15
6 5 6 2
7 5 2
8 2
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TABLE 40
Number o f Right-Handed Children in Each Cluster 
for 8, 7, 6, 5, 4, 3 and 2 Relocate Cluster Results 
fo r  Subsample 2 of the S p l i t  Sample Validation Procedure
Cluster Analysis 
Method 8 7 6
Clusters
5 4 3 2
Gnoup Average.
1 14 16 17 18 18 20 25
2 21 26 27 26 29 38 55
3 12 4 11 11 20 22
4 4 11 6 13 13
5 9 6 5 12
6 5 4 14
7 4 13
8 11
Centsio-id S o rtin g
1 23 24 24 24 29 38 55
2 4 4 7 18 20 20 25
3 8 8 9 13 18 22
4 11 11 14 18 13
5 17 17 18 7
6 6 8 8
7 3 8
8 8
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TABLE 41
Number of Right-Handed Children in Subsample 1 from Each of the Cluster Groups 
Misclassified by the Split Sample Validation Procedure
Clusters TotalMisclassi-
Cluster Analysis 
Method
u of 
Clusters
1
(n=14)
2
(n=14)
3
(n=ll)
4
(»t=6)
5
(n=18)
6
(n=16)
7
(n=2)
f i  cations
(>i=81) % Sample
Group Average 7 1 3 0 3 2 3 1 13 16%
Centroid Sorting 7 1 3 0 3 2 3 1 13 16%
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TABLE 42
Number of Right-Handed Children in Subsample 2 from Each of the Cluster Groups 
Misclassified by the Sp lit  Sample Validation Procedure
Cluster Analysis 
Method
n of 
Clusters 1 2
Clusters 
3 4 5 6 7
Total 
Misclassi- 
f i  cations % Sample
n (16) (26) (4) (11) (6) (4) (13) » = 80
Group Average 7 5 5 1 6 5 1 7 30 38%
n (24) (4) (8) (11) (17) (8) (8) n = 80
Centroid Sorting 7 1 1 5 6 6 2 1 22 27%
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TABLE 43
Composition o f Left-Handed Subjects fo r Hand Preference,
Hand Proficiency, and Fam ilia l Handedness Variables fo r  Each
Q-Factor and C luster Grouping
Q Factors Clusters
1 2 3 4 1 2 3 4
Variable (
r
Hiir-» (n=26)
cnHII»»* (n=9) (u=49) (n=26) (n=51) (n=35)
Hand
VflQ.^ QJlQ.nC.2.
Pure 19 19 13 6 23 15 27 21
Mixed 22 7 6 3 26 11 24 14
Hand
Vn.o ^ ■LcJ.e.nci]
Congruous 21 11 7 2 26 9 17 12
Incongrous 7 3 5 3 7 9 12 8
Mixed • 13 12 7 4 16 8 22 15
Fam-LLiat
S h u J itfia tiX ij
Positive 19 4 8 6 25 13 15 12
Negative 17 18 7 3 19 10 30 16
No Data 5 4 4 0 5 3 6 7
N.B. The four c luster solution l is te d  on this table represents the 
results of both the Group Average and Centroid Sorting Method, 
since identical solutions were generated from each.
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TABLE 44
Comparison o f Right-Handed Subjects fo r Fam ilial
Handedness Variable fo r Each Q Factor and Cluster Grouping
Familial S in is t r a l i ty
Method Positive Negative No Data
0 Type,
1 12 8 0
2 11 15 0
3 9 9 0
4 3 8 0
5 5 13 0
6 5 3 0
7 3 12 0
Gstoup AveAage,
1 10 12 0
2 15 15 0
3 12 29 0
4 10 10 1
5 3 9 0
6 5 5 0
7 9 12 2
Cent/tO'Ld S o rtin g
1 15 15 0
2 12 28 0
3 10 11 1
4 9 11 2
5 4 11 0
6 4 5 0
7 10 11 2
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of the methods, changed from th e ir  orig inal c lusters .
F in a lly , the X  score means and standard deviations of  
variables used in the split-sample design fo r  each subsample 
cluster are shown in Appendix H. Graphic i l lu s tra t io n s  of the mean 
X  scores for each variable fo r the clusters derived in s p l i t -  
samples 1 and 2 are also included in Appendix H. In most cases, 
visual inspection of these graphs revealed a high degree of 
s im ila r ity  between p ro f i le  characteristics of the solutions derived 
from split-samples 1 and 2 and the results obtained from clustering  
the entire  sample together. Again, the most notable differences  
in cluster patterns occurred in subsample clusters o f  small s ize . 
Chi-Square Analyses
The d istribution  of scores fo r the hand preference, 
hand proficiency, and fa m il ia l  handedness variables fo r  each 
5. type factor and cluster analytic  group were compared against 
th e ir  respective hypothetical d is tr ib u tion s , and a measure of 
agreement or conformity was generated for each. Tables 
43 and 44 summarize the subgroup composition fo r  each Q factor  
and cluster subgroup across the hand preference, hand profic iency, 
and fam ilia l handedness variab les. In sum, fo r  each s in is tra !  Q 
factor and cluster grouping (Table 45 ), only the set of scores 
fo r  the fam ilia l handedness variab le within Factor 2 was found 
to deviate s ign ifican tly  from the respective hypothetical d i s t r i ­
bution (p <C.05). However, the lack of any s ig n if ic a n t  differences  
between distributions on this variable within other subgroups
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TABL'E 45 
2
Summary of Goodness-of-Fi t X  ’Values for the Hand Preference, 
Hand Proficiency, and Familial Handedness Variables for Each 
Sinistra! Q Factor and Cluster Grouping
Q Factors Clusters
Variable 1 2 3 4 1 2 3 4
Hand
Preference 0.61 3.14* 1.32 0.11 0.51 0.04 0.00 0.26
Hand
Proficiency 2.56 2.00 0.38 1.83 3.47 2.00 0.74 0.60
Familial
Handedness 0.45 7.78** 2.44 2.25 2.12 0.69 2.21 1.09
*  p < C  .10 **  p <  .05
N.B. Following the recommendation outlined in Yamane (1967) ,*X^ values for cases involving only one 
degree of freedom ( i . e . ,  Hand Preference) were computed using Yates1 correction for continuity.
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found to be highly s im ilar  to s in is tra l  Factor 2 ( i . e . ,  s in is t ra !  
Cluster 3, dextral Factor 1, dextral group average Cluster 3 , and 
dextral centroid sorting Cluster 2 ) ,  suggesting that th is  may have 
been an isolated finding. The hand preference d is tr ib u tio n  w ith in  
s in is tra l  Factor 2 was also found to be s ign ifican t a t  p < .  10. 
Again, however, this finding was thought to be rather meaningless.
Table 46 summarizes the Goodness-of-Fit Chi-Square 
values for the fam ilia l handedness variable for each dextral Q 
facto r and cluster grouping. A ll of the values on this table  
were found to be s t a t is t ic a l ly  nonsignificant.
In sum, the results of these series of analyses would 
seem to indicate that subgroups cannot be d if fe re n tia te d  from 
one another on the basis of hand preference, hand profic iency,  
and fa m il ia l  handedness composition. That is to say, there were 
no part icu la r subgroups that exhibited e ith er  an unusually 
large or small number of congruent, incongruent or mixed- 
p ro fic ien t left-handers, pure or mixed-preference le ft-handers ,  
or subjects with mostly s in is tra l  or dextral family members.
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TABLE 46
o
Summary o f G oodness-of-Fit*X Values fo r the
Fam ilial Handedness Variable fo r Each Dextral
Q Factor and C luster Grouping
Factor or Cluster '<X “ Value
0 Type.
1 3.82
2 0.00
3 1.67
4 1.47
5 2.47
6 2.13
7 2.50
Gsioup Average.
1 0.29
2 1.99
3 4.57
4 0.83
5 1.37
6 0.42
7 1.13
Cen&io-Ld. So/vting
1 1*99
2 3.09
3 1.42
4 0.31
5 1.11
6 0.00
7 0.42
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CHAPTER IV
DISCUSSION
This study had a two-fold purpose. F ir s t ,  an attempt 
was made to investigate system atically , iso late  and report on 
the adaptive s im ila r it ie s  and differences between l e f t -  and r ig h t -  
handed learning disabled children based on a m ultivaria te  quant­
i ta t iv e  taxonomic analysis of th e ir  performances on a battery  
of neuropsychological measures. A systematic study of the typology 
of cognitive impairment associated with learning d is a b i l i t ie s  
in these two p a rt icu la r  groups of children originated from the 
burgeoning documented evidence suggesting that handedness and the 
organization of higher cognitive a b i l i t ie s  are to some extent 
correlated with each other. The second aim of the investigation  
was to o ffe r  some evidence to show that s im ilar subtypes could 
be generated in a re l ia b le  fashion through the application o f  
d if fe re n t  c lass if ic a tio n  techniques.. I t  was f e l t  that a re l ia b le  
taxonomy of learning d is a b i l i t ie s  could o ffe r  p o ten tia lly  useful 
information regarding the remedial management of such children.
The performance measurements collected on an equivalent 
number of l e f t -  amd right-handed children referred to the neuro­
psychological service of an urban children's c l in ic  because of
241
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learn ing, behavioural or perceptual handicaps were c lass if ied  
s t a t is t ic a l ly  by several m ultivaria te  procedures. In i t i a l  
application o f the Q technique o f factor analysis to each hand­
edness sample independently generated seven factors fo r  each data 
set. Three factors from each target sample were highly correlated  
with each other. For the left-handed sample, one other f a i r l y  
meaningful factor emerged, while the remaining three factors  
exhibited membership assignments that were interpreted to be of 
inconsequential magnitude. On the other hand, fo r the r ig h t­
handers, a sizeable number o f  children were c lass if ied  into each 
o f the remaining factors. These findings suggest the following:
(1) certa in  s im ila r  subtypes would appear to ex is t fo r  l e f t -  
and right-handed learning disabled children, and (2) l e f t ­
handers appear to constitute a much more homogeneous population in 
regard to th e ir  performances on a battery of neuropsychologic 
measures than a s im ilar  group of right-handers. Subsequent app lic­
ation o f  several c luster algorithms to the same data sets resulted  
in c la s s if ic a tio n  solutions that were in perfect agreement with 
the () factors for the left-handed sample, and solutions that were 
in f a i r l y  close agreement fo r the right-handed group of children. 
This finding suggests that subgroups generated by means o f one 
m ultivaria te  s ta t is t ic a l  procedure could be re l ia b ly  detected 
through the application o f several other c lass if ica tio n  methods 
as wel1.
In th is chapter, a more detailed and comprehensive 
discussion o f the findings outlined above are preceded by a section
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on some methodological considerations of the study. Next, 
characteristics  of the subgroups id e n tif ie d  are described, and 
comparisons are made to other subtypes reported in the l i te r a tu re .  
Included here is some discussion on the r e l i a b i l i t y  and s ta b i l i t y  
o f the isolated subgroups. F in a lly ,  the implications of the 
findings as they re la te  to the issue of handedness are addressed 
in some d e ta i l ,  including th e ir  obvious assessment and diagnostic  
considerations. Directions fo r future research are also provided. 
Methodological Considerations
The present investigation compared the adaptive a b i l i t y  
p ro files  between independent groups of l e f t -  and right-handed 
subjects who were selected from a c l in ic a l  rather than from a 
nohxnaJL population of school-age children. Undougtedly, quite  
d if fe re n t  sets of conclusions regarding the re la tion  between hand­
edness and neuropsychological a b i l i t y  structure may be drawn from 
the two population samples, one based on the normal population of 
school children and one based on children referred to c lin ics  fo r  
learning d i f f ic u l t ie s .  I t  is w ithin the l a t t e r  type of sample, in 
p a r t ic u la r ,  where anomalies o f la te r a l i t y  ( i . e . ,  a higher incidence 
of s in is t r a l i t y  or mixed-handedness) are sometimes, but not always, 
detected. In a review of over 3500 c l in ic  cases from which the 
samples in th is study were drawn, approximately 14% were found to 
exh ib it  s in is t ra l  tendencies, a sizeable increase in the incidence 
of left-handedness reported in the general population.
Other c l in ic a lly -a f fe c te d  samples -  fo r  example those 
exhib iting  psychometric in te lligence values outside of the range
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u t i l iz e d  within th is  investigation ( i . e . ,  below 85) -  may 
demonstrate very d if fe re n t  patterns of cognitive a b i l i t ie s  and 
d e f ic its  as a function o f preferred handedness. The findings 
from th is  study should not be construed as representative, there­
fo re , of a general typology of cognitive strengths and weak­
nesses associated with la te ra l hand preference patterns pea 6(l. 
Instead, they should be viewed within the context o f the l im i t ­
ations imposed by sampling considerations.
Despite s im ilar mean WRAT Reading, Spelling and A r ith ­
metic centile  scores between the two handedness samples (see Table 
3 ) ,  no attempt was made in th is  study to match the groups on the 
basis o f an academic achievement c r ite r io n . However, an analysis  
of the WRAT subtest performance patterns within each handedness 
sample (see Table 4) indicated that the between-group composition 
was quite s im ila r . Nevertheless, some v a r ia b i l i ty  was noted in the 
distributions of scores, suggesting that the populations d iffe red  
to some degree on this dimension. This may be one reason fo r  the 
differences witnessed in regard to the number of in terpretable  
groups ( i . e . ,  factors or clusters) generated fo r each handedness 
sample by the m ultivaria te  procedures.
As mentioned e a r l ie r ,  a number of methodological 
issues surround the use o f c luster analysis. The selection of 
variab les, the choice of s im ila r ity  measure, the determination of  
the clustering method, and the procedure for estimating the number 
of clusters w ithin the data must be c learly  defined. Moreover, 
adequate evidence of a c luster solutions v a l id i ty  should be provided 
as w e ll .  Each o f these considerations can a ffe c t  the derived 
subtype structure.
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In most clustering attempts there generally exists the 
problem of deciding on how many variables are appropriate fo r  
study. In turn , these input measures should f u l f i l l  the obvious 
requ is ite  that they be relevant to the c la s s if ica tio n  being sought.
To minimize tes t redundancy and to maximize cluster in te rp re t-  
a b i l i t y ,  i t  is generally desireable to seek to reduce the number 
of input variables. In many accounts of c lustering, measurements 
that have been amassed on a sizeable number of variables are 
reduced through principal components analysis. The f i r s t  few 
principal component scores are then used as input variables to 
the clustering procedure. However, in the present study variables  
were duplicated from those u t i l iz e d  in the factor analyses. These 
variables were o r ig in a lly  selected on the bases of a 'ra tional  
grouping' procedure and were, in turn, checked against the results  
of a formalized Ft type analysis of the complete test battery.
J_ score matrices of these variables were then analyzed by the 
d if fe re n t  clustering algorithms. E v eritt  (1974) suggests that  
s im ila r  c lass if ica tions  should emerge by using e ith e r  the f i r s t  few 
principal component scores or the complete set of data, provided 
the data is well structured. On the other hand, widely divergent 
solutions may be derived when the groups are not as c learly  defined 
within the data set. In the present study, applying clustering  
algorithms to the raw data may have produced solutions quite d if fe re n t  
from those obtainable i f  the data derived from the raw data ( i . e . ,  
facto r scores) had been used as input to the clustering method.
Since th is  study was interested in elucidating the s im ila r ­
i t ie s  and differences in adaptive a b i l i t y  p ro f i le  shapes between
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l e f t -  and right-handed learning disabled children, corre lation  
coeffic ien ts  were calculated between indiv iduals. On the contrary, 
distance measures are f e l t  to be a more appropriate metric when 
one is interested in the s im ila r ity  of the,average p ro f i le  le v e ls .  
That is ,  two profiles  may exhib it very s im ilar patterns o f perform­
ance, but be quite fa r  apart in level of performance. These two 
d if fe re n t  ways of defining s im ila r ity  between subjects can resu lt  
in d i f fe r e n t ,  yet c l in ic a l ly  meaningful, in terpretations.
I t  is not uncommon in clustering problems to find that  
a single set o f scores analyzed by several d if fe re n t  techniques 
may resu lt  in e n t ire ly  d if fe re n t solutions or groupings o f the 
data. Despite the fact that several clustering algorithms were 
u t i l iz e d  in the present study (in an attempt to lessen the poss­
i b i l i t y  of accepting spurious or misleading so lu tions), other types 
of group structure may have emerged through the application o f  
d if fe re n t  clustering techniques. Indeed, the clustering algorithms 
u t i l iz e d  in the present investigation were chosen somewhat a r b i t r ­
a r i ly  and there is no reason to believe that the results derived 
from them are the only types of structure present in the data.
As pointed out e a r l ie r ,  a persistent problem in c luster  
analysis is the d i f f ic u l ty  of deciding as to the correct number 
of groups to consider for a given set of data. A review o f both 
mappings of the data ( i . e . ,  hierarchical trees) and clustering  
co e ff ic ie n t results provided some idea of the number o f  clusters  
suitable fo r representation o f the data matrices in the current 
study. However, inspection o f these two sets o f results did not 
always provide an unequivocal answer to th is  question. In fa c t ,  in
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several cases a range o f c lustering solutions appeared to be quite  
plausib le , and decisions regarding the appropriate number of 
groups to consider were usually made on a highly subjective basis.
I t  is clear that a host of in terpretations or judgements could 
have eventuated in regard to the subtype structure existing within  
the data had an examination been made of other p art it io n in g  resu lts .
F in a lly ,  the application o f va lidation procedures helps to 
buttress the existence of "real" subgroups w ithin the data. The 
<3. type solutions generated in th is  study were validated by i.the 
clustering results and these findings, in turn, were validated through 
the application of a split-sample procedure to the data set. How­
ever, given the fac t that d if fe re n t  c lustering techniques could 
l ik e ly  give d if fe re n t  solutions, va lidation becomes especially  
important. In th is  regard, several other a lte rn a tiv e  ways of 
validating the clustering results derived in th is  study could have 
been employed as well ( e .g . ,  a lte r in g  the input data matrix through 
the omission or deletion o f variab les, or demonstrating that clusters  
have predictive value with respect to variables not included in the 
orig ina l clustering procedure).
One f in a l note on th is  issue. The ultimate tes t o f a 
facto r or clustering solutions v a l id i ty  would seem to l i e  in i ts  
usefulness and meaningful ness from a c l in ic a l  point of view. That is 
to say, are the characteristics  o f the derived subgroup in te rp re t­
able, and are they reasonably consonant with those that one would 
expect to find within the data. The features and characteristics  
o f the derived subtypes are outlined in the next section. Upon
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inspection o f these descriptions, i t  w i l l  become clear that the 
subgroup compositions r e f le c t  cognitive a b i l i t y  profiles  that can in ­
deed be associated with learning problems in a viable and pre­
dictable fashion.
Description o f  Subtypes
The p ro files  o f te s t  performance associated with the 
derived factors and c lusters , the correlation values between clusters  
and facto rs , and the results of the m isclassification analyses 
v/ere interpreted to define three highly s im ila r  and re l ia b le  sub- 
types o f l e f t -  and right-handed learning disabled children. In 
addition, four other in te rp re tab le , but less well-defined subgroups 
emerged. In th is  section, subgroup composites are described, and 
comparisons are made to other subgroups reported in the l i te r a tu r e .  
Type. 1
This group is composed o f children who constituted Factor 
T (n = 41) and Cluster 1 (n = 49) from the left-handed sample, and 
Factor 2 (n = 26 ),  group average Cluster 2 (n = 30) and centroid  
sorting Cluster 1 (n = 30) from the right-handed sample. A graphic 
i l lu s t ra t io n  o f th is  subtype is depicted in Figure 59. Since the 
facto r and c luster in tercorre lations were so remarkably high within  
th is  group ( i . e . ,  r  = 0.92 or above), a composite of a l l  mean T 
score pro files  ( i . e . ,  Figures 3, 21, 11, 38 and 44) is presented 
in Figure 59. The dashes on this f igure  as well as on two sub­
sequent graphs represent the various independent factor and c luster  
T score means fo r  each vari'able.
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Children in th is  group exhibited the following p ro f i le  
characteristics: (1) poor performances on several auditory-
l in g u is t ic  and sequential processing types o f tasks involving  
phoneme-grapheme matching, sound-blending, general fund of in fo r ­
mation, "mental" numerical reasoning, and immediate recall fo r  
sequences of d ig its ;  (2) roughly normal performances on a task 
intended to determine understanding of social conventionality and 
social judgment (as assessed through a person's verbal reports),  
and on an associative learning task involving speed and accuracy 
of symbolic transcrip tion ; (3) age-appropriate or better  perform­
ances on tasks intended to assess appreciation fo r v isua l-spatia l  
re lationships, and involving visual perceptual s k i l l  p a r t ic ip ­
ation; (4) Well developed motor manipulatory and tactually-guided  
problem-solving a b i l i t y ,  as well as adequate non-verbal reasoning 
s k i l ls  with v is u a lly -  or spatially-presented s tim u li;  (5) some 
d i f f ic u l t ie s  remembering sequences of visual s t im u li,  and performing 
visual sequencing types o f tasks involving symbolic s h if t in g ;  (6) 
haptic deficiencies involving mild right-sided finger dysgraphesthesia, 
and marked right-sided finger agnosia; and (7) normally developed 
simple motor speed and f in e  f inger dexterity  with the r igh t hand, 
but reduced motoric c e le r i ty  and manipulative dexterity  with the 
upper l e f t  extremity. In sum, Typz 1 children were distinguished 
by the presence o f a normally developed visual information processing 
system, rather good non-verbal problem-solving c a p a b il it ie s ,  some 
mild auditory information processing d e f ic its  and pronounced haptic 
defic iencies , especially  t a c t i le  f inger lo ca liza tio n . Moreover,
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Type. 7 children exhibited a mean WISC PIQ that exceeded the 
mean VIQ, and mean WRAT Reading, Spelling and Arithmetic scores 
tha t were a l l  below the 30th c e n ti le .
The te s t  p ro f i le  fo r Type. 7 is s tr ik in g ly  s im ila r  to 
the t a c t i le  f inger lo ca liza tio n  group (Subtype A) of Fisk and 
Rourke (1979). Subtype A in that investigation was derived from 
a £  type m ultivaria te  correlational analysis conducted on a sample 
o f 264 right-handed learning disabled children. Type. 1 also 
bears some re la tio n  to the group of children of the Satz, F r ie l  
& Rudegair (1974) study who encountered problems iden tify ing  
simple ta c t i le  stimulations delivered to the fingers, and to the 
haptic disturbance group (Type 2 ) of Petrauskas and Rourke 
(1979). Both of these investigations u t i l ize d  exclusively pop­
ulations of dextral subjects as w e ll.
The patterns o f adaptive deficiencies exhibited by the
Subtypo A subjects o f  Fisk and Rourke (1979) and the Type 2
subjects of Petrauskas & Rourke (1979) were interpreted by both
sets of authors to be re f le c t iv e  of compromised brain functioning
and tended to raise some question regarding the functional
in te g r i ty  of the posterior portions of the l e f t  cerebral hemis­
phere. I t  is hypothesized that a s im ilar area of compromised
brain functioning exists in Type. 7 children of the current study.
Type 77
This group is composed of children who constituted  
Factor 2 (n = 26) and Cluster 3 (n = 51) from the left-handed sample, 
and Factor 1 (n = 20 ), group average cluster 3 (n = 41) and centroid  
sorting Cluster 2 (n = 40) from the right-handed sample. Figure
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60 is a graphic representation of Type. I I .  Again, th is  figure  
represents a compositive of a l l  mean T score pro files  constitu t­
ing th is  subgroup ( i . e . ,  Figures 3, 23, 10, 39 and 45).
The Type. I I  p ro f i le  was characterized by the following:
(1) c lear impairment on some auditory-verbal and psycho!inguistic 
tasks involving the associating of sounds and symbols, assessing 
of general knowledge (as is normally acquired through everyday 
a c t iv i t ie s ) ,  "mental" numerical reasoning, and amnestic s k i l l  
partic ipation  (e .g . ,  immediate memory fo r  series o f numbers) as 
well as some mild d i f f ic u l ty  blending sounds to form words; (2) 
re la t iv e ly  be tte r  but s l ig h t ly  depressed performances on a tes t  
intended to assess understanding of social conventionality and 
social judgment, and on a task requiring the associating o f  symbols 
to th e ir  appropriate numerical counterparts; (3) well developed 
visual-perceptual and spatial v isualization  a b i l i t i e s ;  (4) some 
d i f f ic u l ty  reproducing graphically sequences of visual s t im u li ,  
and negotiating v isual-spatia l arrays on the basis of numerical and 
alphabetical sequences; (5) age-appropriate ta c t i le -a n d  k inesthetic -  
perceptual s k i l l s ,  including well developed nonverbal ta c tu a l ly -  
guided problem-solving a b i l i t ie s ;  (6) adequate performance on a 
task involving inductive and deductive reasoning with v is u a lly -  or 
spatially-presented s tim u li;  and (7) normally developed simple 
motor speed b i la te r a l ly ,  and fine manipulative dexterity  with the 
r igh t hand, but fine finger dexterity  d e f ic its  with the l e f t  hand.
In sum, Type. I I  children manifested well-developed visual and 
t a c t i le  information processing systems, appeared to be good problem-
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solving s tra te g is ts , and presented with reasonably w e ll-  
developed simple and more complex psychomotor s k i l ls .  Conversely, 
they exhibited c lear weaknesses in th e ir  a b i l i t y  to process 
information of an auditory l in g u is t ic  nature and demonstrated some 
verbal coding or labe lling  deficiencies. Children in th is group 
were also seen to exhib it the largest mean WISC low VIQ-high 
PIQ discrepancy, and mean WRAT Reading, Spelling and Arithmetic  
subtest performances were a l l  well below the 30th centile  ranking.
These children bear a s tr ik ing  resemblance to the poor 
auditory-verbal processing group (Subtype B) of Fisk and Rourke 
(1979), and to the language disturbance group (Type I ) of  
Petruaskas and Rourke (1979). They also seem most s im ilar  to the 
language disorder groups of Kinsbourne and Warrington (1963) and 
Mattis e t a l . ,  (1975), and the sound-symbol integration deficiency  
group ( i . e . ,  dysphonetic dyslexia) of Boder (1973). Again, a l l  
of these investigators employed samples o f right-handed children.
The functional in te rg r ity  of some of those a b i l i t ie s  
normally thought to be subserved by the temporal region of the 
l e f t  cerebral hemisphere was hypothesized by both Fisk and Rourke 
(1979) as well as by Petrauskas and Rourke (1979) as being somewhat 
compromised in th e ir  Subtype B and Type I children, respectively.
A s im ila r  area o f dysfunction is l ik e ly  to be present in Typo. IT 
children o f the present study.
Type. I l l
Included in th is group are children who constituted  
Factor 3 (n = 19) and Cluster 4 (n = 35) from the left-handed
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sample, and Factor 3 (n = 18), group average Cluster 4 (n = 21) 
and centroid sorting Cluster 4 (n = 22) from the right-handed 
sample. Once again, the tes t p ro f i le  fo r th is group is plotted  
in terms o f a composite o f  a l l  mean T score patterns ( i . e . ,
Figures 5, 24, 12, 40 and 47) in Figure 61.
Visual inspection o f the p ro f i le  fo r Type. IT children  
revealed the following characteristics: (1) some auditory-
verbal processing weaknesses involving a lim ited acquisition of  
general information, d e fic ien t sound-symbol matching s k i l l s ,  poor 
sound blending a b i l i t i e s ,  and somewhat underdeveloped "mental" 
numerical reasoning s k i l ls ;  ifmiediate recall fo r  short bursts of  
non-redundant auditory-verbal information ( e .g . ,  sequences of 
d ig its )  as well as understanding of social conventionality and 
social judgment were both mildly impaired; an associative learning  
task involving speed and accuracy o f symbolic transcription was 
performed in an age-appropriate manner; (2) normally developed 
visual-perceptual, perceptual organizational and v isua l-spatia l  
s k i l ls ;  (3) poor performance on one v isua l-spatia l sequential 
memory task; (4) mild f inger agnosia and pronounced finger  
dysraphesthesia with the upper r igh t extremity; average and below- 
average tactually-guided problem-solving capab ilit ies  with the 
dominant and nondominant hands, respectively; (5) normally developed 
simple motor speed and speeded eye-hand coordination with the r ig h t  
hand, but c lea rly  impaired s k i l ls  within these areas with the l e f t  
hand; and (6) s l ig h t ly  impoverished nonverbal reasoning capabil­
i t i e s ,  and c lear d i f f ic u l t ie s  performing visual sequencing tasks
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involving symbolic s h if t in g . Children in th is  group seemed to 
possess a reasonably well-developed visual-information processing 
system, and normally developed simple motor s k i l ls  and motor 
manipulatory problem-solving a b i l i t ie s  with the upper r ig h t  
extremity. On the contrary, children in th is  subgroup could be 
described as having some poor auditory-verbal and psycho!inguiStic 
s k i l l s ,  mild right-sided finger recognition d e f ic i ts ,  and pronouned 
haptic deficiencies involving the detection of numbers w ritten  on 
the f ingertips  o f the r ig h t hand. For Type. TIT children, mean 
WISC PIQ exceeded VIQ, and mean WRAT Reading, Spelling and A r ith ­
metic subtest scores were a l l  below the 30th c e n tile  ranking. How­
ever, one of the members of t^iis group (Cluster 4 from the 
s in is tra !  sample) exhibited a WRAT subtest performance pattern of  
Reading above the 30th centile  le v e l,  while both Spelling and A r ith ­
metic were below this value.
The adaptive p ro f i le  which characterized the Type. I IT  
children was quite s im ila r  to the f in g e rtip  number w rit ing  d e f ic i t  
group (Subtype C) of Fisk and Rourke (1979). In fa c t ,  Type. I IT  
children exhibited the highest mean age (12.59) o f a l l  of the groups, 
a finding consonant with the fact that Subtype C only emerged in the 
two oldest age-based samples ( i . e . ,  11 to 12 years and 13 to 14 
years) o f the Fisk and Rourke investigation.
The preceding three groups of children appeared to be the 
most re l ia b le  subtypes, having been generated across a l l  possible 
factor and clustering procedures. Four other less re l ia b le  ( in  
the sense of having been only p a r t ia l ly  rep licated) subgroups of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
258
learning disabled children emerged. A b r ie f  description o f each 
of these is provided below.
Type. IV
This group is composed o f Factor 4 (n = 9) and Cluster 
2 (n = 26) from the left-handed sample, and group average Cluster 1 
(n = 24) and centroid sorting Cluster 7 (n = 23) from the r ig h t -  
handed sample. A comparable group did not appear to ex is t w ithin  
the dextral factor structure.
Visual inspection o f  Figures 6, 22, 37 and 50 revealed 
that Type. 11/ children were characterized by a s l ig h t  reduction in 
general fund of information, and mild phoneme-grapheme matching 
s k i l l  deficiencies; a well developed understanding o f social con­
ven tion a lity , and exceptionally good sound blending s k i l ls ;  m ildly  
impaired arithmetic reasoning, auditory-verbal amnestic s k i l l s ,  and 
symbolic transcribing c a p a b il it ie s ;  a re la t iv e ly  good visual 
information processing system; m ildly impaired performances on 
immediate memory fo r  visual sequences, and on a visual sequencing 
task requiring the a b i l i t y  to s h i f t  "mental" set; normally developed 
r ig h t hand ta c t i le  f inger lo c a liz a t io n , and dominant hand ta c tu a l ly -  
guided problem-solving s k i l ls ;  mild right-s ided finger dysgraph- 
esthesia, and weak tactually-guided behaviour with the non-dominant 
extremity; adequate nonverbal reasoning a b i l i t i e s ;  average and 
m ildly defic ient simple motor speeds with the r ig h t and l e f t  
hands, respectively; and b i la te ra l  f ine  f inger dex te rity  d e f ic i ts ,  
somewhat moreso with the l e f t  hand. The distinguishing feature of 
Type. IV children centered around deficiencies in f ine  eye-hand
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coordination under speeded conditions. Children in th is  group 
were more apt to exhib it a very small WISC VIQ-PIQ discrepancy 
or, in some cases, a higher VIQ-lower PIQ pattern. Reading per­
formance on the WRAT was more l ik e ly  to exceed the 30th c e n t i le ,  
while both Spelling and Arithmetic subtest scores were below 
th is  value.
This p a rt icu la r  group bears some resemblance to Type 3 
of Petrauskas and Rourke (1979), and is s im ilar  in some ways to 
the dyscoordination group of Mattis e t a l . (1975).
Type. V
Included in th is group are children who constituted  
Factor 5 (n = 6) from the left-handed sample, and Factor 6 (n = 8 ) ,  
group average Cluster 6 (n = 10) and centroid sorting Cluster 
6 (n = 9) from the right-handed sample. However, in te rc o rre la ­
tions between l e f t -  and right-handers w ithin th is  group were rather  
low, whereas comparisons amongst the dextral sample yielded higher, 
more re l ia b le  in te rcorre la tions . Thus, i t  would appear that th is  
type may constitute an independent right-handed subgroup.
Examination of Figures 15, 42 and 49 suggested that Type. V 
children are characterized by the following: (1) inconsistent
performance on a u d ito ry -lin g u is tic  tasks involving understanding of  
social conventionality, phoneme-grapheme matching, and sound blend­
ing, while both general fund o f information and arithmetic reason­
ing were consistently depressed; performances on immediate reca ll  
fo r  d ig its  and on an associative learning task involving speed and 
accuracy of symbolic transcription were roughly age-appropriate;
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(2) normally developed visual and t a c t i le  perceptual informa­
tion processing systems; (3) good nonverbal problem-solving 
s k i l l s ,  as well as the a b i l i t y  to moderate performances when the 
task required conceptual s h if t in g ;  and (4) m ildly and moderately 
d e fic ien t simple motor speeds with the r ig h t and l e f t  hands, 
respectively; average and m ild ly impaired fine  manipulative 
s k i l ls  with the dominant and non-dominant hands, respectively.
These subjects also exhibited a f a i r l y  appreciable low VIQ-PIQ 
discrepancy on the WISC. While th e ir  WRAT subtest performance 
patterns were somewhat inconsistent, there was a trend fo r  Read­
ing to be somewhat higher than e ith e r  Spelling or Arithmetic.
Typo. I/I
This group contains children who constituted s in is tra l  
Factor 7 (n = 5 ) ,  dextral Factor 7 (n = 15), dextral group average 
Cluster 7 (n = 23) and dextral centroid sorting Cluster 3 (n = 22).
While there was some degree o f visual s im ila r ity  between 
factor and c luster plots within th is  group (see Figures 16, 43,
46 and 9 ) ,  most in te rco rre la tio n  values were rather low. This 
would suggest that th is  type is the most unreliab le. B r ie f ly ,  how­
ever, with the exception of some inconsistency amongst performances 
within the au d ito ry - l in g u is t ic  and sequential processing realms, 
most neuropsychological adaptive s k i l l  areas yielded age- 
appropriate or be tte r  levels o f performance. A low VIQ-high PIQ 
discrepancy of f a i r l y  large magnitude was exhibited by these 
children as w e l l .
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Type. V II
This f in a l group is composed o f children who constituted  
Factor 4 (n = 11) and group average Cluster 5 (n = 12) from the 
right-handed sample. Type V I I  would appear to represent another 
independent right-handed subgroup, despite the fact that i t  did 
not emerge during the centroid sorting clustering procedure.
Inspection o f Figures 13 and 41 suggested that Type V I I  
children were characterized by some mild auditory perceptual 
deficiencies involving a reduced store of general information, under­
developed sound-blending s k i l l s ,  and a somewhat lim ited  under­
standing of social conventionality; "mental" numerical reasoning 
s k i l ls  and auditory-verbal amnestic a b i l i t ie s  that were roughly 
normal, while performance on the Coding subtest was m ildly  
d e f ic ie n t;  well-developed visual and haptic information processing 
systems; good nonverbal reasoning c a p ab ilit ies ; inconsistent 
performances on visual-sequencing tasks requiring symbolic s h if t in g ;  
normally developed simple motor speed and speeded fine  eye-hand 
coordination with the upper r ig h t extremity, while performances with 
the l e f t  hand w ithin these same areas were c learly  d e f ic ie n t;  and 
pronounced d i f f ic u l t ie s  in immediate memory fo r sequences of  
visual s t im u li .  The distinguishing feature of Type PIT children  
centered around deficiencies on the Target Test, a finding that  
may be re f le c t iv e  o f a compromised a b i l i t y  in these children to 
apply verbal coding or lab e llin g  strategies e f f ic ie n t ly .  This group 
exhibited a minimal VIQ-PIQ discrepancy on the WISC. I t  should
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also be noted that th is  type obtained mean WRAT Arithmetic scores 
th a t were below the 30th cen tile  le v e l ,  while both Reading and 
Spelling scores were above th is  value.
Evaluation o f  Expectations
Hypothesis 1 suggested that d if fe re n t  patterns of adaptive 
strengths and weaknesses may emerge in l e f t -  and right-handed 
learning disabled children as a function o f manifest differences  
in specific  patterns of cerebral organization that have been posited 
to e x is t  between the handedness groups. This expectation was c learly  
not supported. In fa c t ,  the sorts of adaptive deficiencies  
exhibited by the group of left-handed children who were encountering 
learning problems in the present study were found to be remarkably 
s im ila r  to the types o f cognitive deficiencies seen in a compar­
able group o f right-handed age-mates included in the investigation , 
as well as to several other dextral learning disabled subgroups 
reported in the l i te r a tu re .  However, the results o f  the quantita­
t iv e  c la s s if ic a tio n  analyses did suggest that the left-handers as a 
group appeared to constitute a more homogeneous population in regard 
to th e ir  patterns o f performance on the battery o f neuropsychologi­
cal measures administered than did the s im ila r  group of r ig h t-  
handed children.
Failure to confirm the expectation that there are dispara- 
t ie s  associated with s in is t r a l i t y  in regard to adaptive a b i l i t y  
structure may be re f le c t iv e  of the problems in id e n t if ic a t io n  or 
the d i f f ic u l ty  in constructing a workable d e f in it io n  o f s in is t r a l i t y  
( i . e . ,  on what basis is preferred handedness determined?). In the
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current study, name-writing hand was chosen as an in i t i a l  index 
of hand dominance. Left-handers id e n tif ie d  on this basis were 
then examined more closely to determine th e ir  demonstrated hand 
proficiency on two s k il le d  manual dexterity  tasks: simple
motor speed, and speeded fine eye-hand coordination. Neither 
one o f these considerations appeared to influence the patterns of 
performance seen within the population of children assessed. Per­
haps d if fe re n t  methods of handedness determination (or c lass i­
f ic a t io n )  would reveal measurable differences between dextral and 
s in is tra !  learning disabled children (Roszkowski, Snelbecker, & 
Sacks, 1981). In addition, a closer examination o f  hand, foot 
and eye dominance may eventuate in findings that are consistent 
with a b i l i t y  differences as a function of la te ra l  preference 
patterns (Dean e t a l . ,  1981).
Hypotheses 2 and 3 dealt with two issues, one focussing 
on the importance o f an ind iv idual's  fa m ilia l handedness history  
and one focussing on the significance of degree or in tensity  o f  
an ind iv idu a l's  left-handedness. Both of these factors have 
been posited as possessing predictive value in terms of being 
able to distinguish between s in is tra ls  with d if fe re n t  patterns of 
hemispheric spec ia liza tio n . In the present study, i t  was f e l t  
that i f  these p a rt ic u la r  variables were related to cerebral la te r ­
a l i t y ,  then the m ultivaria te  c lass if ica tio n  methods should generate 
subgroups that have members who report mostly s in is tra l  or mostly 
dextral b iological re la tives  and/or subtypes that exhib it a member­
ship composition re f le c t iv e  of d if fe re n t measurable variations in
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consistency and degree of hand usage across a varie ty  of 
manipulative and behavioural tasks. Neither of these expect­
ations was supported by the data. That is to say, the results  
of a series o f nonparametric analyses indicated that subgroups 
could not be distinguished from one another on the basis of  
hand preference, hand proficiency and fa m ilia l handedness compo­
s it io n .
The meaningful ness of the fa m ilia l s in is t r a l i t y  f in d ­
ings, in p a r t ic u la r ,  can be challenged quite eas ily . There were 
at least two problems in obtaining an accurate assessment o f  
fa m il ia l  handedness tendencies. F irs t ,  since this study tended 
to regard fa m ilia l s in is t r a l i t y  as positive i f  at least one parent 
or s ib ling  was left-handed, a large number of "false positives"  
could have been eas ily  reported. For instance, 60% of the l e f t -  
and 65% o f the right-handed sample were considered to be fa m il ia l  
s in is tra !  subjects based on a single s ib ling  c r ite r io n  (see Table 
2 ) .  However, included within these values were several very 
young siblings reported as exhib iting a le ft -s id e d  preference 
despite the like lihood that hand dominance had not yet been c lea rly  
established in these children. Moreover, Bishop (1980) has 
recently suggested that family size may be an important factor to 
consider when assessing fa m ilia l  s in is t r a l i t y .  According to Bishop, 
the problem is that the a p r io r i  p robability  that an individual w i l l  
have a s in is t ra l  re la t iv e  increases with the number of re la tives  
he has. Thus, adopting a single parent or s ib ling c r ite r io n  could 
possibly confound the effects  of fa m ilia l s in is t r a l i t y  and family  
size .
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F in a l ly ,  i t  has been demonstrated rather convincingly 
that subgroups generated by means of one m ultivaria te  s ta t is t ic a l  
procedure can be r e l ia b ly  detected through the application of  
several other c la s s if ica tio n  methods as w e ll .  Indeed, type and 
cluster analyses solutions were in perfect agreement for the 
left-handed sample of children, while solutions remained f a i r ly  
w ell-defined across taxonomic procedures fo r the right-handed 
data set. These findings along with the success Doehring and his 
associates (1979) have experienced in th e ir  application o f m ultip le  
c la s s if ic a t io n  methods confirms the usefulness and s u i ta b i l i ty  
of these instruments fo r providing a re l ia b le  taxononiy of learn­
ing d is a b i l i t ie s .
Implications
One purpose of this study was to iso la te  and define  
systematically the sorts of adaptive s im ila r it ie s  and d iss im ilar­
i t ie s  that may ex is t between l e f t -  and right-handed learning dis­
abled children. Toward this  end a m ultivariate  quantitative  
taxonomic procedure was used to delineate d is t in c t  subgroups of  
children who had been encountering learning problems. Secondly, an 
attempt was made to validate the existence o f subtypes by assessing 
th e ir  preservation across d if fe re n t c la s s if ica tio n  methods.
Several conclusions or generalizations can be drawn from 
the results of the study.
(1) L e ft-  and right-handed children with learning prob­
lems would appear to exhib it very s im ilar adaptive a b i l i t y  p ro f i le s .  
The c la s s if ic a t io n  analyses suggested the presence of at least
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three highly s im ila r  subtypes of learning disabled children within  
two age-equivalent handedness-based samples. In turn , the sub­
groups were found to bear a s tr ik in g  resemblance to other dextral 
subtypes reported in the research l i te ra tu re  (Boder, 1973; Fisk 
& Rourke, 1979; Mattis e t  a l . ,  1979; Petrauskas & Rourke, 1979;
Satz e t a l . ,  1974). While these findings support the notion that  
learning disabled children constitute a heterogeneous group in 
regard to th e ir  adaptive a b i l i t y  structures (Benton, 1975; Rourke, 
1978a, 1978b, 1981a, 1981b, 1981c; Vernon, 1977), i t  would appear 
that handedness pen. may not be an especially important con­
sideration in the search fo r  £ype& of a b i l i t y  differences in learn­
ing disabled children. This finding would appear to be in agree­
ment with several studies that have reported the absence of any 
s ig n if ic a n t a b i l i t y  differences between l e f t -  and right-handed 
individuals (Annett & Turner, 1974; Hardyck, Petrinovich &
Goldman, 1976; Kocel, 1977), but seems to be at odds with other 
studies that have reported the existence o f information processing 
differences between the handedness groups (Bakker, 1972; S ch ev ill ,  
1980).
(2) To aid in subtype in te r p r e ta b i l i t y , the independent 
facto r and c luster graphs that madeup each of the Type. T, Type XT 
and Type I I I  chiIdrenwere combined and an overall mean T_ score 
i l lu s t ra t io n  was provided fo r  each group. However, i t  was in te r ­
esting to note that closer visual inspection of the independent 
facto r and c luster p ro files  w ithin each group revealed one feature  
that distinguished s in is tra !  and dextral children. In a l l  cases,
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dextrals exhibited a c learly  better r ig h t hand than l e f t  hand 
performance on the two psychomotor tasks ( i . e . ,  Finger Tapping 
and Grooved Pegboard), whereas s in is tra ls  were found to demon­
s tra te  a smaller between-hand discrepancy. Most o f the difference  
between the two handedness groups on this dimension occurred 
within the right-handed performances where dextrals were c le a r ly  
more p ro fic ien t with the use of this extremity. Left-handed 
performances were usually quite s im ilar  between the two samples.
The differences seen on tasks of a motoric nature could suggest one 
of two a lternative  states of a f fa irs .  F ir s t ,  w ithin the group of  
le ft-handers, the left-handed performances on s k il le d  motor tasks 
could re f le c t  some "sh ift"  in handedness as a consequence o f having 
sustained some degree of l e f t  hemispheric dysfunction. This would 
imply that the .s inistra l tendencies seen in these children are a 
manifestation of brain pathology, a view expounded upon by a 
number of investigators (Annett, 1964; Bakan, 1971, 1977; Satz,
1972, 1973). However, this p o s s ib il ity  seems rather remote since 
there was l i t t l e  evidence to suggest that left-handers in th is  
study encountered any part icu la r d i f f ic u l t ie s  with th e ir  r ig h t  hand 
that would have caused them to engage the use o f th e ir  l e f t  hand 
as the dominant extremity ( i .e 1. ,  Finger Tapping and Grooved Peg­
board scores were usually within an age-approriate range with the 
r ig h t hand). A second more parsimonious p o s s ib il i ty  is that the 
motor performances within the a b i l i t y  repertoires of both handed­
ness groups represent the results of social conditioning and 
practice (C o llins , 1970, 1975). That is ,  perhaps s in is t ra ls  e xh ib it  
a smaller between-hand discrepancy because they are natural l e f t -
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handers who have been active ly  taught to use th e ir  r ig h t hand as 
a resu lt  of social and cultural influences. The same social 
conditioning in natural right-handers, of course, would resu lt  in 
a larger difference score between the extrem ities.
(3) The results of th is study should not be construed as 
suggesting that left-handedness and its  associated characteristics  
are unworthy of fu rther exploration. Indeed, the results of 
studies o f lesion-produced d e fic its  and r ig h t - le f t  auditory and 
visual perceptual asymmetries have provided a source o f strong 
support fo r a re la tion  between handedness and cerebral organization, 
despite the lack of consistent agreement amongst researchers within  
the area. The discrepancy between these findings and the current 
results invites  further study into the re la tion  between handedness, 
adaptive a b i l i t y  structure, and performance on visual h a l f - f i e ld ,  
dichotic l is te n in g , or dichotic monitoring types of tasks.
(4) Related to (3) above, an obvious research direction  
to pursue is to obtain some further information on the possible 
neurological determinants underlying the d if fe re n t  subtype structures. 
Neurophysiological investigations involving visual or auditory 
evoked potentia ls  would seem to be especially valuable in this  
regard (Hughes, 1978).
(5) An -LwtoAnaZ validation method ( e .g . ,  split-sample  
rep lica tio n ) was employed in the present study to determine the 
s ta b i l i t y  and usefulness o f the clustering solutions. As an a l te r ­
native , i t  would be of in terest to see whether one subtype can be 
distinguishable from other subtypes on a wide varie ty  of measures
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and attr ibutes  not included in the i n i t i a l  c la s s if ic a tio n  process 
( i . e . ,  Q.xX.QJinaIZij va lidating the derived solu tions). For example, 
subtype differences across such variables as academic achievement 
level (WRAT Reading, Spelling and A rithm etic), presence o f learn­
ing problems among other family members, prevalence and/or type of  
b irth  complication, or b ir th  order could be assessed through the 
application o f parametric (MANOVA, ANOVA) or nonparametric (Chi- 
Square) s ta t is t ic a l  methods.
(6) The c la r i f ic a t io n  and d if fe re n t ia t io n  of the q u a lity  
of cognitive impairment associated with learning d i f f ic u l t ie s  has 
obvious remedial management implications. Since one important 
therapeutic objective is to promote academic remedial programmes 
ta ilo red  to the ind iv idua l's  specific  cognitive strengths and weak­
nesses, id e n tif ic a t io n  o f the "patterning" of adaptive s k i l l  
d e fic its  becomes especially  important. Indeed, c l in ic a l  experience 
has suggested that a remedial management intervention that f a i ls
to " f i t "  the adaptive a b i l i t y  makeup of the child  can, in e f fe c t ,  
be counterproductive in respect to the acquisition o f basic academic- 
related s k i l l s ,  with consequent (often negative) impact on person­
a l i t y  development.
(7) F in a lly ,  there has been a persistent tendency to 
a ttr ib u te  a variety  of behavioural d e f ic its  to s in is t r a l i t y .  Research­
ers continue to argue fo r an association between d e f ic i t  and l e f t -  
handedness, despite the burgeoning amount of evidence to disclaim
any s ig n ifican t l in k  between cognitive deficiency and handedness. 
Moreover, i t  is probably not too presumptuous to hypothesize that
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the tendency to believe that s in is t r a l i t y  is a sign of possible 
d e f ic i t  l ik e ly  pervades much o f the c l in ic a l  practice as w e ll .
At least in regard to the c l in ic a l  populations studied within the 
confines of this investigation , the results would suggest that  
left-handedness more often times than not should be viewed as a 
"red herring", not worthy o f the pathognomonic importance 
attr ibuted  to i t .
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QUESTIONNAIRE
Date
Child
name AGE
SEX EDUCATION
DATE OF BIRTH 
SCHOOL
Father
Name Age
Country of Birth
,!,ivledness (please underline)
Date of Birth
Education
RIGHT
Occupation
LEFT
Mother
Name Age
Country of Birth
Handedness (please underline)
Date of Birth
Education
RIGHT
Occupation
LEFT
Religion
Language Spoken in Home 
Family Doctor*s Name
Is child adopted? _______
Is child presently on medication?
For what reason?
Kind?
Number of Children  _______
This child's position in birth order
( 1 )
( 2 )
(3)
Age
Age
Age
CHILDREN'S NAMES
  Grade
  Grade
Grade
(Handedness 'underline') 
RIGHT LEFT
RIGHT
RIGHT
LEFT
LEFT
(cont'd on next page)
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; U) Age Grade
(Handedness
RIGHT
' underline') 
LEFT
1(5) Age Grade RIGHT LEFT
(6) Age Grade RIGHT LEFT
(?) Age Grade RIGHT LEFT
<*>■ Age Grade RIGHT LEFT
(°) Age Grade RIGHT LEFT
i(:n} Age Grade RIGHT LEFT
• a * of person filling out this information
Relationship to child '_____________________________________
Rlease make a complete description of your child's difficulties including; 
the reason why your child was referred to this unit.
Does your child wear glasses?
If so, for what reason?  _____________  ___________________
Is he wearing glasses during the administration of "these tests?
i
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Please answer the following questions as fully as possible. If there 
is not enough room, use the back of the page.
1. Birth weight 
Comment
3. Difficulty at birth Yes Mo
If yes, please 
comment
■'. Anemia or jaundice Yes No
Comment
7. Polio Yes No
If yes, what age?____
Comment
9. High Blood Pressure Yes No
Age? _______
Comment
ll. Rheumatic Fever Yes No
Age?
CommervE
^3. Scarlet Fever Yes No
Age? ______
CornmervE
2. Premature (Underline) Yes No
If yes, how many days 
premature? Comment
4. Respirator used Yes No
Comment
6. Meningitis Yes No
If yes, what age?
Comment
&. Diabetes Yes No
Age?
CommervE
10. Heart Disease Yes No
Age?  ________
Comment
12. Chorea Yes No
Age? _______(
Comment
14. Measles Yes No
Age?  _____
Comment
i
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15. Abnormal movements Yes No 
sensations 
Age? _____
17. High Fever (over 104) Yes No
Length of fever _____
Age? ________
Comment
Oirna Yes No
Duration? _________
Cause? _________
Age? __________
Comment
2\. Long periods of Yes No
nausea
Age? _______
CommervE
23. Partially drowned Yes No 
Age?
CommervE
25. Epilepsy or Yes No
convulsions
Type __________
Frequency  ______
Controlled witn
drugs Yes No
Comments
16. Other Illnesses
16. Headaches Yes No
Frequency ____________
Age?
CommervE
20. Dizziness Yes No
Frequency? __________
Age?  •
Comment
22. Overcome by gas Yes No
Length of time overcome
Age? ________
Comment
24. Dazed or unconscious Yes No 
from sport, fight, fall 
struck by object, 
automobile accident.
Duration __________
Age? ___________
Comment
26. Exposed to High Voltage Yes No
Age? _________
CommervE
i
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27. Sun Stroke Yes No 28. Foot, Arm, Hand, Wrist Yes No
Age? ______  Injuries
Coramenu Age?
Comments
Yes-A Yes
Little Very
PLEASE ANSWER ALL QUESTIONS No Bit Much Remarks
During Meals
"29Y up and Down at table __ ______  ____  _______
30. Interrupts without regard __ ______  ____  _______
31. Wriggling __ ______ ________ ___________
32. Fiddles with things __ ______  ____  _______
33. Talks excessively ______  ____  _______
B. Television
T n  Gets' up and down during 
program 
'35. Wriggles
36. Manipulates objects or body.
37. Talks incessantly
3 8 . Interrupts
C. Doing Horns-Work
39. Gets up and down
40. Wriggles
41. Manipulates objects or body
42. Talks incessantly
43• Requires adult supervision 
or attendance
B. Play
44. Is unable to play
45. Inability for quiet play
4 6 . Constantly changing activity
47. Seeks parental attention
4 8 . Talks excessively
49. Disrupts other’s play
E. SleeD
yT. “'Has difficulty settling down 
for sleep
51. Inadequate amount of sleep
52. Is restless during sleep
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Yes-A Yes
Little Very
P. Behaviour Away Prom Home (Except School) No Bit Much
'531 Is restless- during travel __ ______  ____
54. Is restless: during shopping
(includes touching everything)_______ __ ______  ____
55 • Is restless during church, movies __ ______  ____
5 6. Is restless during visiting friends,
relatives, etc. ______  ____
G. School Behaviour 
yr Up and dov/n 
5 8 . Fidgets, -wriggles, touches 
59- Interrupts teacher or other 
children excessively
60. Constantly seeks teacher's 'attention
TOTAL SCORE
PLEASE ANSWER ALL QUESTIONS
61. Thumb sucking
6 2 . Restlessness, inability to sit still ^
6 3 . Attention-seeking, "show-off" 
behaviour
6 4 . Skin Allergy
6 5 . Doesn’t know hov; to have fun; 
behaves like a little adult.
66. Self-consciousnsr.::; eur/ily 
embarrased
6 7 . Headaches "
68. Disruptiveness; tendency to annoy 
and bother others.
69* Feelings of inferiority ]
70. Dizziness, vertigo ]
71. Boisterousness, rowdiness
72. Crying over minor annoyances and 
hurts
73. Preoccupation; "in a world of his 
own".
74. Shyness, Bashfulness '
75* Social withdrawal, preference for
solitary activities.
76. Dislike for school
77• Jealousy over attention paid to 
other children
78. Difficulty in bowel control, soiling ]
79• Short attention span
80. Prefers to play with younger children
81. Lack of self-confidence "
82. Inattentiveness to what others say
Remarks
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Yes-A Yes
Little Very 
No Bit Much
8 3• Easily flustered and confused
8 4. Lack of interest in environment, 
generally "bored" attitude
8 5. Fighting________________________________ ______  ____
86. Nausea, vomiting_____________________ __ ______  ____
87. Temper, tantrums_____________________ __ ______  ____
88. Reticence, secretiveness_____________ __ ______  ____
8 9 . Truancy from school__________________ __ ______  ____
90. Hypersensitivity; feelings easily
hurt __ ______  ____
91 • Laziness in school and in performance
of other tasks. __ ______  ____
92. Anxiety, chronic general fearfullness  ______  ____
93* Irresponsibility, undependability __ ______  ____
94- Excessive daydreaming ______  ____
9r>. Masturbation____________________________ ______  ____
96. Hay fever and/or asthma______________ __ ______  ____
97* Tension, inability to relax ______  ' ____
98. Disobedience, difficulty in
disciplinary control __ ______  ____
99. Depression, chronic sadness____________ ______  ____
100. Unco-operativeness in group
situations _____ ______  ____
101. Aloofness, social reserve __ ______  ____
102. Passivity, suggestibility, easily
led by others __ ______  ____
103. Clumsiness, awkwardness, poor
muscular co-ordination __ ______  ____
104. Stuttering __ ______  ____
105. Hyperactivity; always on the go". __ ______  ____
106. Distractibility __ ______  ____
107. Destructiveness in regard to his own
and/others'property. __ ______  ____
108. Negativism, tendency to do the
opposite of what is required. _____ _______ _____
109. Impertinence, sauciness __ ______  ____
110. Sluggishness, lethargy __ ______  ____
111. Drowsiness __ ______  ____
112. Profane language, swearing, cursing __ ______  ____
113. Prefers to play with older children __ ______  ____
114. Nervousness, jitteriness, jumpiness;
easily startled.________________________ ______  ____
115. Irritability; hot-tempered, easily
aroused to anger __ ______  ____
116. Eneuresis, bed-wetting _____ _______ _____
117• Stomach-aches, abdominal pain __ _______ ____
118. Specific fears, e.g., of dogs, of
the dark. __ ______  ____
119. Seizures __ ______  ____
120. Bizarre content of thought __ ______  _____
121. Fluctuating performance __ ______  ____
Remarks
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122. Socially inept behaviour 
123 * Tics
124. Danger to self 
125• Danger to others 
126. Excessive talking
TOTAL SCORE
Has your child received any of the following examinations? If 
so, who performed the examination and when was this completed?
Ex?)minations Physician/Agency Date
Electroencephalogram (EEG)
Neurological
Hearing
Vision
Speech
Psychology
Social Work
■ «. •
Psychiatric
307
Yes-A Yes
Little Very 
No Bit Much Remark:
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APPENDIX B
Description of Tests Included in 
the Neuropsychological Battery1
Adapted from the description of tests distributed by 
the Department of Neuropsychology, Windsor Western 
Hospital Centre, Windsor, Ontario.
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DESCRIPTION OF TESTS 
TESTS ADMINISTERED TO ALL CHILDREN (AGES 5-15)
■WECHSLER INTELLIGENCE SCALE FOR CHILDREN. (Wechsler, I9<19)
Full Scale IQ. A composite score derived from the total scaled subtest scores. 
Indicative of overall"intellectual" functioning.
Verbal IQ. A composite score derived from the total scaled scores of six 
Verbal subtests. Indicative of overall "verbal" functioning.
Performance IQ. A composite score derived from the scaled scores of the five 
Performance subtests (excluding the Mazes test). Indicative of overall non­
verbal, "visual-perceptual" functioning.
Verbal Subtests
Information. 30 questions. Involves elementary factual knowledge of his'tory, 
geography, current events, literature, and general science. Score: number of
items correct. Task Requirement: retrieval of acquired verbal information.
Stimulus: spoken question of fact. Response: spoken answer.
Comprehension. 14 questions. Involves the ability to evaluate certain social 
and practical situations. Score: number of items correct. Task Requirement:
evaluation of verbally formulated problem situations. Stimulus: spoken request
for opinion. Response: spoken answer.
Arithmetic. 16 arithmetic problems of increasing difficulty. Score: number of
problems correctly solved, with time credit. Task Requirement: arithmetic
reasoning. Stimulus: spoken (first 13 items) or printed (last 3 items)
question. Response: spoken answer.
Similarities. 16 pairs of words. The most essential semantically common 
characteristic o-f word pairs must be stated. Score: number correct. Task
Requirement: verbal abstraction. Stimulus: spoken question. Response:
spoken answer.
Vocabulary. 40 words. Spoken definition of words. Score: number of words
correct. Task Requirement: verbal definition. Stimulus: spoken word.
Response: spoken definition.
Digit Span. Repetition in forward order of three- to nine-digit numbers and 
repetition in reversed order of two- to eight-digit numbers. Score: simple
total of forward and reversed digit span. Task requirement: short-term
memory for digits. Stimulus: spoken numbers. Response: spoken numbers.
Performance Subtests
Picture Completion. 20 pictures of familiar objects, each with a part missing. 
The missing part is identified from simple line drawings.
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Score: number of missing pnrts correctly identified. Task requirement:
location of missing part on the basis of memory of the v/hole object. Stimulus:
picture. Response: spoken name of missing part.
Picture Arrangement. 11 series of picture cards. Pictures are sequentially 
arranged to form a story. Score: total credits for speed and accuracy of ar­
rangement. Task Requirement: manipulation of the order of picture cards to
form the most probable sequence of events. Stimulus: pictures. Response:
simple motor manipulation.
Block Design. 10 designs. Arrangement of coloured blocks to form designs 
which match those on printed cards. Score: total score for speed and
accuracy of block placement. Task requirement: arrangement of blocks to
match a printed design. Stimulus: printed geometric design. Response: man­
ipulation and arrangement of blocks.
Object. Assembly. 4 formboards (puzzles). Parts of each formboard are to be 
arranged to form a picture. Score: total sco're for speed and accuracy of
assembly. Task Requirement: spatial arrangement of parts to form a meaningful
whole. Stimulus: disarranged parts of picture. Response: complex man­
ipulation and arrangement of parts.
Coding. 93 digits, preceded by a code which relates digits to symbols. Symbols 
are to be written below digits as rapidly as possible. Scorn: number of
symbols correctly written within a fixed time. Task requirement: association
of digits and symbols by direct visual identification or by short-term mem­
orization. Stimulus: printed digits and symbols. Response: rapid co-ordin­
ation of visual identification with a complex writing response.
PEABODY PICTURE VOCABULARY TEST FORM A. (Dunn, 19G5)
Picture Vocabulary, Oral Raw Score, Oral IQ. 150 sets of 4 line drawings, with 
which 150 words of increasing difficulty are to be associated. The words are 
those of Form A of the Peabody Vocabulary Test. Score: total correct
picture-word associations. Task requirement: selection of picture most
appropriately related to the spoken word. Stimulus: 4 visual pictures, 1
spoken word. Response: simple pointing response. Oral IQ is the transfor­
mation of the oral raw score to an IQ score on the basis of test norms.
WIDE RANGE ACHIEVEMENT TEST. (Jastak G Jnstak, 1965)
Reading. Standardized test of oral word reading achievement. Score: centile
score based on total number of words correctly read aloud. Task requirement: 
association of printed letters with spoken word. Stimulus: printed word.
Response: spoken word.
Spelling. Standardized test of written spelling achievement. Score: cen­
tile score based on total number of words correctly spelled. Task requirement: 
written production of spoken word. Stimulus: spoken word. Response: written
word.
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Arithmetic, standardized test of written arithmetic achievement. Score: cen-
tile score based on total number of correct solutions to progressively more 
difficult arithmetic problems. Task requirement: solution of arithmetic
problems. Response: written answers.
OLDER CHILDREN'S BATTERY (AC'.ES 9-15)
TESTS FOR SENSORY-PERCEPTUAL DISTURBANCES. (Rcitan, 1965)
Tactile Perception
After determining s ability (without vision) to perceive unilateral 
stimulation delivered to the right and left hand and face, unilateral stim­
ulation is interspersed with simultaneous bilateral hand stimulation and 
simultaneous contralateral hand-face stimulation. The score is the number 
of errors for each hand and each side of the face under all conditions.
m
Auditory Perception
S is required to correctly identify (without vision) the ear to which 
an auditory stimulus is presented. The stimulus is produced by rubbing the 
fingers together lightly. Following this determination of S's ability to 
perceive unilateral stimulation, bilateral stimulation is interspersed with 
.the unilateral stimulation. The score is the number of errors for each ear 
under all conditions.
Visual Perception
S is required to identify correctly slight finger movements presented 
in a confrontation manner to the visual fields. Stimulation is presented 
initially unilaterally and then simultaneous bilateral stimulation is in­
terspersed with the unilateral trials. The score is the number of errors 
made within the quadrants of the visual fields.
Finger Agnosia
S is required to identify (without the aid of vision) the finger which 
has been touched. Each of the five fingers is stimulated four times in an un­
systematic order. First the right hand and then the loft hand is stimulated. 
The score is the number of errors made with each finger for each hand.
Finger-Tip Number Writing Perception
S is required to verbalize (without the aid of vision) which of the 
numbers 3, 4, 5 or 6 has been written on his finger tips. A different 
finger of the right hand is used for each trial until four trials had been 
given for each finger. The procedure is then repeated for the left hand.
The score is the number of errors made with each finger for each hand.
Coin Recognition
S is required to identify, by tactile perception only, 1-, 5-, and 
10-cent pieces placed in his right hand, then his left hand, and then each
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coin placed simultaneously in both hands. The order of presentation is 
unsystematic. The score is the number of errors made with each hand under 
each condition.
TARGET TEST. (Reitan, 1970)
S is required to make a delayed response in reproducing visual-spatial 
configurations of increasing complexity tapped out by the examiner. The score 
is the number of items out of 20 correctly reproduced.
SPEED OF VISUAL PERCEPTION. (Doehring, 1968) (JUncWUyv.
w
These tests are intended to assess speed and accuracy of visual discrimination 
. for various kinds of verbal and nonverbal visual stimuli presented singly and 
in combination. In general, the visual stimulus becomes more verbal and more 
complex with each succeeding sub-test. The fust and the last sub-tests involve 
-Che same tasK m  order to permit assessment of practice effect. A short 
practice item is given for each sub-test.
Single Number. S_ is required to underline the number 4 each time it appears 
on a printed page containing a random sequence of 360 single numbers. An 
example of the number to be identified is printed at the top of the page.
\ A short practice test is given. Score: total numbers correctly underlined
minus total incorrectly underlined in 30 seconds. Task requirement: 
locating and underlining a particular number interspersed among other numbers. 
Stimulus: random sequences of printed numbers. Response: simple under­
lining response to identify single numbers.
Single Geometric Forms. S is required to underline a Greek cross with a 
pencil each time it appears in random sequence among a series of 235 geo- 
^  metric forms, including squares, stars, circles, triangles, etc. The forms 
are about V  in height. Score: total crosses underlined minus total
errors in 30 seconds. Task requirements: as in previous sub-test, but
for identification of a geometric form.
Single Nonsense Letter. A single nonsense letter is interspersed among 
0 10 structurally similar nonsense letters in a random sequence of 126 letters. 
Score: total correct minus incorrect underlined letters. Task requirement:
as in previous sub-test, but for identification of a nonsense letter.
Gestalt Figure. The figure to be identified is a diamond about l - V  in 
v height containing a square which in turn contains a diamond. This figure
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is interspersed among similar figures in a random sequence of 160 figures. 
Score: total correct minus incorrect underlined figures in 60 seconds.
Task Requirement: as in previous sub-test, but for identification of a
complex figure.
Single Letter. The letter "s" is interspersed among 360 randomized letters. 
£ Score: number underlined minus number of errors in 30 seconds. Task re­
quirement: as in previous sub-test, but for a single letter.
Single Letter in Syllable Context. 162 four-letter nonsense syllables are 
i presented, 47 of which contain the letter "e". is required to under­
go line each syllable containing "e". Score: total correct minus incorrect
in 45 seconds. Task requirement: as in previous sub-test, but for a
letter in syllable context.
Two Letters. The letters "b" and "m" are interspersed among 360 randomized 
“7 letters. Score: number underlined minus number of errors in 45 seconds.
' Task requirement: as in previous sub-test, but- for two letters.
Sequence of Geometric Forms. Four geometric forms (triangle, Greek cross, 
circle, crescent) are presented in various orders for a total of 65 
^ "syllables". jS is required to underline only the groups with the order 
triangle, cross, crescent, and circle. Score: total groups correctly
underlined minus errors in 60 seconds. Task requirement: same as in
previous sub-test, but for groups of geometric figures.
Four Letter Nonsense Syllable, Unpronounceable. S is required to underline 
a four-letter nonsense syllable (fsbm) interspersed among 146 four-letter 
I nonsense syllables. All syllables are made up of consonants, which renders 
them unpronounceable. Score: total correct minus incorrect in 60 seconds.
Task requirement: same as in previous sub-test, but for nonsense syllables.
Four Letter Nonsense Syllable, Pronounceable. This task is the same as in 
the previous sub-test except that it involves the identification of a pro- 
l0 nounceable nonsense syllable (narp) instead of an unpronounceable nonsense 
syllabieT This syllabic is interspersed among other nonsense syllables made 
up of the letters n, a, r, p. The time limit is 60 seconds.
Four Letter Word. The word "spot" is interspersed among 146 four-letter
H syllables made up of the letters, s, p, o, t. Score: total correct minus
incorrect in 60 seconds. Task requirement: same as in previous sub-test,
but for a four-letter word.
Unspaced Four Letter Word. The word "spot" is interspersed among the letters 
|t _ s, p, o, t, in various orders, with no syllabic spacing. Score: total
correct minus incorrect. Task requirement: same as in previous sub-test,
but for an unspaced word.
Single Number. This task is exactly the same as that involved in the 
first sub-test except that the number to be underlined is 5 instead of 4.
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TRAIL MAKING TEST. (Reitan £ Heineman, 1968)
The Trail Making Test consists of two parts, A and B. In Trails A, £  
is required, under time pressure, to connect the numbers 1 to 15 arranged on 
a page. The requirements are essentially similar in Trails B except that 
it is necessary to alternate between the numeric and the alphabetic series.
The scores recorded are the number of seconds required to finish each part plus 
the number of errors made on each part.
HALSTEAD-WEPMAN APHASIA SCREENING TEST. (Reitan £ Heineman, 1968)
Naming (Dysnomia). Five items which require £ to name familiar objects.
Score: number of errors.
Spelling (Spelling Dyspraxia). £  is required to spell orally three spoken
words. Score: number of errors.
Writing (Dysgraphia). Two items. £  is required to write a word and a sen­
tence which are presented to him orally. Score: number of errors.
Enunciation (Dysarthria). Three items. £  is required to repeat three 
increasingly complex words spoken to him by the examiner. Score: number of
errors.
Reading (Dyslexia). Six items. £  is required to read numbers, letters, and 
words. Score: number of errors.
Reproduction of Geometric Forms (Constructional Dyspraxia). Four items. £  
is required to copy a square, a triangle, a Greek cross, and a key. Score: 
number of errors.
Arithmetic (Dyscalculia). Two items. £  is required to solve two problems: 
one subtraction (written) and one multiplication (oral). Score: number of
errors.
Understanding Verbal Instructions (Auditory-Verbal Agnosia). Four items.
£  is required to demonstrate an understanding of four verbal items. Score: 
number of errors.
SEASHORE RHYTHM TEST. (Reitan £ Heineman, 1968)
The Rhythm Test is a sub-test of the Seashore Tests of Musical Talent.
£  is required to differentiate between 30 pairs of rhythmic patterns which 
are sometimes the same and sometimes different. The score is the number of 
errors.
SPEECH SOUNDS PERCEPTION TEST. (Reitan £ Heineman, 1968)
£  is required to attend to 30 tape-recorded nonsense syllables and to 
.select the correct response alternative from among three printed choices.
The score is the number of sounds correctly identified.
AUDITORY CLOSURE. (Kass, 1964)
£  is required to blend into words 23 progressively longer chains
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of sound elements presented on tape. The score is the number of words cor­
rectly identified.
SENTENCE MEMORY. (Benton, 1965)
£  is required to repeat sentences of gradually increasing length (from 
1 to 26 syllables). These are presented on a tape recorder. The score is 
the number of sentences correctly repeated.
VERBAL FLUENCY. (Strong)
£  is required to name as many words as he can, within 60 seconds, which 
begin with the sound "P", as in pig. This is repeated with the sound "C" 
as in cake. The score is the mean number of correct words for the two trials.
TESTS FOR LATERAL DOMINANCE. (Harris, 1947; Miles, 1929)
Hand Preference. £ is required to demonstrate the hand used to throw a ball, 
hammer a nail, cut with a knife, turn a doorknob, use scissors, use an eraser, 
and write his name. The number of tasks performed with each hand is 
recorded.
Eye Preference. £  is required to demonstrate the manner in which he would 
look through a telescope and use a rifle. The eye used for each task is re­
corded. In addition, £  is given the Miles ABC Test for Ocular Dominance, in 
which (without ordinarily realizing that he is doing so) he lias to choose 
one eye or the other to look through a conical appartus to identify a visual 
stimulus. The eye chosen on each of 10 trials is recorded.
Foot Preference. S is asked to demonstrate the manner in which he would kick 
a football and step on a bug. The foot used on each trial is recorded.
RIGHT-LEFT AWARENESS. (Piaget, 1920)
Twenty-six items on increasing difficulty designed to assess right-left 
order and memory with respect to parts of the Ijody and objects arranged before 
£. Score: number correct.
STRENGTH OF GRIP. (Reitan, 1966)
The Smedley Hand Dynamometer is used to measure strength of grip. £ 
is required to squeeze the dynamometer three times with his dominant hand and 
three times with his nondominant hand, alternating between hands on each trial. 
The mean pressure which he exerts on the three trials is recorded (in kqs) for 
each hand.
WRITING SPEED. (Reitan, 1966)
—  B is required to w r l t ^ - h i ^ - P a i n a - w ^   -------
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first with his preferred hand and then with his non-preferred hand. The 
score is the time taken for each hand.
FINGER TAPPING. (Reitan, 1966); FOOT TAPPING. (knights & Moule, 1967)
For finger tapping £ uses alternately the index t'inqer of the dominant 
hand and of the nondominant hand. £ is given four trials of 10 seconds 
each for both hands. The foot tapping test employs the same principles and 
instructions, but this time £  uses his feet, alternating between the dom­
inant foot and the nondominant foot. Four trials of 10 seconds are given for 
each foot. The score for both finger and foot tapping is the average 
of the best three out four trials.
•.HAZE TEST. (Kl^ zrVe, 1963; Knights S Moule, 1968)
£  is required to run a stylus through a maze which has the blind alleys
filled and is placed at a 70 degree angle (on the Tactual Performance Test
stand). Three scores are obtained: the number of contacts with the side of
the maze, the total amount of time during which the stylus contacts the side 
of the maze, and the speed (total time from start to finish). These are 
electrically recorded. There are two successive trials with the dominant hand 
followed by two successive trials with the nondominant hand. The scores are the 
totals for the two trials with the dominant hand and the two trials with the 
nondominant hand.
GRADUATE HOLES TEST. (Klerve, 1963; Knights S Moule, I960)
. £  is required to fit a stylus into a series of progressively smaller 
holes. £  is required to hold the stylus in the centre of the holes for a 
10-second period without contacting the edge. Two scores are obtained; the 
number of contacts with the edge of the hole, and the duration of the contact.
These are recorded electrically. The test is performed once with the right
hand and once with the left hand.
>
GROOVED PEGBOARD TEST (Kl^ >ve, 1963; Knights & Moule, 1968)
£  is required to fit keyhole-shaped pegs into similarly shaped holes 
on a 4-in. x 4-in. board beginning at the left side with the right hand 
and at the right side with the left hand. £s are urged to fit all 25
pegs in as rapidly as possible. £s perform one trial with the dominant
hand followed by one trial with the nondominant hand. The scores obtained
are the length of time required to complete the task with each hand and the
total number of times the pegs are dropped with each hand.
TACTUAL PERFORMANCE TEST. (Reitan, 1966)
This test is Reitan's modification for children of the test developed by 
Halstead (1947). Halstead's test was based in turn, upon a modification of the Sequin- 
Goddard formboard. £ is blindfolded and not permitted to see the formboard or 
blocks at any time. The formboard is placed in a vertical disposition at an angle 
of 70 degrees on a stand situated on a table immediately in front of £^ £  
is to fit six blocks into the proper spaces with the dominant hand, then with the non­
dominant hand, and a third time using both hands. After the board and
i(
L__________________________________ _ ______________________________
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blocks had been put out pf sight, the blindfold is removed and 5 is required 
to draw a diagram of the board representing the blocks in their proper spaces. 
In all, six measures are obtained. is scored for the time needed to place 
the blocks on the board with the dominant, the nondominant, and both hands.
A fourth measure is the sum of the time taken v/ith the right, left and both 
hands. The Memory component of this test is the number of blocks correctly 
reproduced in the drawing of the board; the Location component is the number 
of blocks correctly localized in the drawing.
HALSTEAD CATEGORY TEST. (Reitan & Heineman, 1968)
S^ is required to respond to 168 visual choice stimuli, mostly geometric 
forms. Within any series, only one principle applies. But, in successive 
sequences of trials, the abstraction of principles of numerosity, oddity, 
spatial position, and relative extent is required for successful responding. 
The score is the number of errors.
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APPENDIX C 
Factor Loadings of Subjects in the 
Left-Handed Sample
IL_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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APPENDIX D 
Factor Loadings of Subjects in the 
Right-Handed Sample
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FACTOR ANALYSIS OF OEXTRALS
ROTATED FACTOR PATTERN
532 . 1 
559 . 1 
2154 . 
2208 . 
2255 . 
2258 . 
2433 . 
244 2.
330 7.
331 8. 
3333.
340 1 .
341 4 .
3473.1
1
3494 
546 . 
1117.  
1278. 
2267. 
329 1 . 
3407 . 
954 . 1 
1 088 . 
1230 . 
1276. 
1319. 
1346. 
1480 . 
1757 .
1926.1
245 1 . 1 
3395 . I 
631 . 1 
754 . 2 
934 . 1
1587.1 
1791 . 1 
1806. 1
2026.1 
33. 4 
749 . 1 
752. 1 
123 2.1
1722.1
2249.1 
2268. 1
FACTOR 1
-0.02218 
-0.13873 
0.70143 
0.25290 
-0.27328 
0. 29982 
0.00758 
-0.17878 
0. 3381 3 
0. 91 843 
0.02813 
13302 
14514 
67540 
1371 1 
13315 
25897 
10614 
57479 
02 29 7 
151 76 
04747 
60912 
31050 
22595 
0.21409 
0.04 89 0 
-0.11399 
-0.00742 
0.40988 
0.50069 
0.72879 
-0.46067 
0.38962 
0.23034 
0.11119 
-0.05721 
0. 180 10 
0.15075 
0. 14219 
-0.00323 
-0.01481 
0.67916 
0.30219 
-0.03202 
-0.19109
0.
0,
0.
0,
0.
0,
0.
0.
-0.
0,
0.
0.
0,
0.
0.
0.
- 0 .
- 0 .
FACT0R2
-0.05121 
0.78771 
0.50266 
-0.13867 
0.70657 
0.54372 
-0.07566 
0.37654 
0.03613 
0.08734 
0.40369 
-0.26262 
-0.13125 
17118 
14683 
49691 
0.06137 
0.11816 
35777 
0.59827 
-0.67000 
-0.16594 
0.10058 
-0.43499 
0.59649 
0.13879 
0.10710 
-0.04066 
0.14267 
-0.05484 
0.45629 
0.19579 
0.19481 
0.00472 
0.88374 
0.12562 
0.05181 
-0.42432 
0.03105 
-0.00165 
0.51853 
-0.18733 
0.22349 
- 0. 1204 1 
0.24248 
0.86544
FACT0R3 FACT0R4
-0
0
-0
-0
- 0
0
0
0
-0
0
0
0
- 0
. 10994 
.06493 
.18690 
. 18407 
.03240 
.37839 
.43623 
.23298 
.22783 
.18481 
.05372 
.08830 
.17908 
-0.05492 
0 .30019 
.42551 
.455 17 
.02013 
.09917 
.01389 
.05240 
.24087 
.06254 
.04619 
.30279 
.31195 
.31343 
.37734 
.94571 
.29422 
.53272 
.03044 
. 46640 
. 17030 
.03487 
. 16732
0
0
0
- 0
0
-0
- 0
0
- 0
- 0
0
0
0
0
- 0
0
- 0
0
- 0
0
- 0
0.34324 
-0.06707 
0.86491 
0.37368 
0.03020 
0.22457 
0.24555 
0.58453 
0.01520 
-0.06701
0.25843 
0.01156 
.35169 
.69926 
.07576 
.10361 
.02097 
.06718 
.33757 
.00342 
. 1 1224 
.21214 
.75022 
-0.29650 
0.08538 
0.07150 
14451
0 I 449
1 2449 
1 1504 
0951 1 
1 4284 
03638 
30616 
1 1599 
08525
0
0
0
0
0
- 0
0
-0
-0
0
0
-0
0
0
0
0
0
0
0
0
0
0.69070 
- 0 . 0 2 0 0 2  
-0.18572 
0 . 1 1145 
-0.00730 
-0.16038 
0.34108 
-0.16635 
0. 04157 
, 06056 
, 19450 
,22413 
.28699 
,59445 
, 09639 
0.63393 
0. 16627 
-0.14965 
-0.23049 
-0.00487
-0
- 0 ,
0,
-0
0
-0
FACTORS
0.26479 
0 .08635 
-0.07651 
0.09522 
0.21685 
-0.02823 
0.06593 
0.70041 
0.18742 
0.05993 
0 .07980 
0.8 1861 
-0.09875 
0.I 4639 
0.67130 
-0. 16923 
0.49820 
0.76383 
0.24774 
0,40616 
-0 . 12043 
0.05855 
0.56310 
0. 15725 
0 .22838 
0.09210 
0,28301 
0.79276 
-O.03227 
0.63831 
-0.29538 
0. 18319 
-0.27045 
0.801 14 
-0.00670 
0.20720 
0.05280 
-0.I 3533 
0.23579 
0.23603 
-0 .34956 
0.15413 
0.30196 
0.49746 
0.50101 
0.14879
FACTOR6
59583 
,00528 
,03832 
22 109 
, 28055 
1 0 75 8 
1 4957 
30003 
47059 
, 09966 
,35900 
,0104 7 
,03014 
,16 57 9 
,08239 
,07977 
,36419 
,1817 1 
- 0.05053 
-0.04007 
1 090 7 
,15102 
13635 
25773 
,33428 
,42509 
3200 I 
,11034 
044 14 
07506 
1 6651 
31726 
, 19333 
, 1 7768 
-0 .05269 
0.38163 
0 .55774 
0.66582 
0.25759 
-0.40215 
0.55879 
0.19127 
0.33242 
0. 16398 
0.63089 
-0.15234
0.- 0 . 
-0 . 
0. 
0.
0. 
- 0 .  
0. 
0. 
0 . 
0 , 
-0 ,  
- 0 ,  
- 0  , 
-0.  
- 0 ,  
0  
0,
- 0 .
0,
- 0 .
0.
0  
0  
0. 
- 0  . 
- 0 ,  
- 0 .  
0. 
o. 
0,
0,
FACTOR 7
-0.051 14 
-0.24978
0
0
0
0
-0
0
0
0
0
-0
0
0
0
-0
0
0
0
-0
154 17 
.28731 
.34152 
.03791 
.06823 
.10656 
.46282 
. 09859 
.40 I 47 
. 1 I 380 
.09039 
.27414 
.23904 
.25120 
. 13386 
.19394 
. 431 90 
.17396 
0.42453 
0.52360 
066 13 
03874 
30367 
05589 
131 48 
04545 
1 5382 
0 1935 
21597 
43407
0 20 29 
-0.02383
0.226 11 
60922
253 14
1 5926
0 64 79 
04238 
01698
1 0585
0 1735 
37448
1 27 17
254 04
-0
0
0
0
-0
-0
-0
-0
-0
0
0
0 . 
0. 
0 .
- 0  . 
- 0  . - 0 . 
0. 
- 0  . 
0. 
0. - 0 .
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FACTOR ANALYSIS OF DEXTRALS
ROTATED FACTOR PATTERN
1915.1
3143.1 
2350 . 1 
2727. 
3102. 
194 . 2 
1895. 
1945. 
302 1 . 
1752. 
3274. 
1534 . 
244 5. 
2067. 
1439. 
1443. 
9024 . 
827 . 1 
2360 . 
1077 . 
2099. 
159 1 . 
155 1 .
1 93 2 . 1 
183 1 . 2 
1682. 1
9007.2 
128. 1 
149 . 2 
1572.1 
1580. 
1554.
I 774. 
1788.  
2548 . 
2588. 
281 0. 
2822 . 
2178 . 
217 1. 
494 
1016.
1 362 . 
1322. 
656. 1
1
FACTOR I FACT0R2 FACTQR3 FACTOR4 FACTOR 5 FACTCJR6 FACTUR7
0.78760 -0.29267 -0 .03339 0.13231 0.14 703 -0.05068 -0 . 02444
0.19622 0.16489 0.06930 0.67904 -0.0 6614 0.33091 -0. 16828
- 0. 14856 0.16074 0. 12438 0. 18437 -0 .27802 0.42315 0.5 1527
0. 2401 5 0.26612 0 .28187 -0.17160 0.60534 0.33918 0. 147 54
0.42503 -0.30703 0.139 66 0.27420 -0.10604 -0.22419 0.65908
0.18323 0.09976 0.68207 0.13522 -0.05371 0.07196 0 .347 64
0.19963 0.03080 0.66746 -0.01683 -0 .02227 0.44416 -0.27405
0.04699 -0.12745 0.85635 -0.28250 -0 .0 1573 0.26710 -0.07078
0.16163 0.81751 0.34930 -0.08997 0 .02634 -0.18793 0. 19093
0.00358 -0.20350 -0.14470 0.04290 -0.2 80 69 0.45402 -0.05764
0.44891 0.00456 0.06513 -0.19049 0.44801 0.53530 0.095 13
-0.21771 -0.05099 0.78649 -0.23785 -0.09397 0.29059 0.06193
0.44453 -0.21414 0.13129 0.09794 0 .64830 0 . 19392 0.24171
0.21289 0.48317 0.46649 -0.06013 0.31926 -0.11688 -0.40749
0.59691 0.71907 0.20495 0.07506 0.12151 -0.00921 0 . 1 26 42
0.15140 -0.06753 -0.45369 0.44698 0.10679 0.01879 0 . 1 0281
-0.14575 0.82558 0.14375 -0.06655 -0.17062 - 0. 12940 0.32133
0.37783 0.57456 0. 12067 -0 . 16478 0.28797 -0.43433 -0 . 1 01 89
0 . 81 002 0.21899 0.00662 -0.06608 0.08885 0.37994 -0.01730
-0. 19418 0.26378 0.76155 0.32332 0.16955 0.08600 -0.08451
0.282 I 6 -0.10792 -0.33735 0.63823 0 .08476 0.15753 0.31611
0.3 0829 0.85289 0.1867 1 -0.23585 -0.11088 0.16299 — 0 .07431
0.23482 0.88157 0 . 133 1 7 0.1829 7 -0.04630 0.11466 — 0 . 0 44 33
-0.24459 0.49804 -0.21561 0.34235 0.24127 -0.03019 - 0.322 16
- 0. 15271 0.55432 -0.12922 -0.20594 0.22447 0.43261 0•035 23
-0.47240 -0.29673 0.55137 0.26632 -0.16931 0.29671 -0.085 26
0.03940 -0.23115 0.23856 -0.04756 0.01453 0.21360 0.68790
- 0. 00404 0.18091 0.89697 -0.03145 -0.02116 -0.11917 0.10171
-0.1450 1 -0.25015 -0.26 7 37 0.56333 0.19765 -0.10548 0.06697
0.51821 0.49234 0.15908 -0.03843 0.31116 0.30295 -0.36567
0.17 180 0.91549 -0.07555 -0.16801 -0.03884 0.17220 0.01744
-0.10981 -0.03244 -0.30388 0.15869 0.26389 0.4 2762 0.170 85
0. 532 09 0.28283 0. 10210 -0.25230 0.24705 -0.08705 -0.378 13
-0. 121 14 - 0.03758 -0.18625 0.52603 -0 .22138 0.30645 0.50608
0. 15547 -0.05741 0.42009 0.26623 -0.044 77 0.29312 0.60391
0. 19565 0.80663 0.07011 -0 . 39996 0 .06077 0.04271 -0.1 55 12
0.28 70 4 — 0.06 564 0.79413 0. 15287 0 . 15669 -0.04 175 0.04751
-0.10663 -0.04080 0 .061 10 0.15580 0.09498 0.084 96 0.68390
0.65218 -0.27965 0.01880 0.30460 0.22938 0.12645 0.41033
0.47528 0.41595 0 . 10613 -0. 1 1856 0 .658 16 0.04307 -0. 12352
0.77595 0.15138 -0.22083 0.05043 0.00140 0.35740 0 . 1 1682
0.67324 -0.31327 -0. 13000 0. 16044 0.24 175 0.10516 0.02759
0.05672 0.25290 0.93077 -0 . 11886 0.12906 -0.0 1627 -0. 15354
0.57715 0.47197 0.00956 -0.33103 0.17081 -0.08781 -0.25453
0.44859 -0.12275 0 . 44150 0.03231 0.25143 - 0.4 6380 0.02303
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APPENDIX E
Four-Cluster Classification Arrays produced by 
Group Average, Centroid Sorting, Group Average Relocate, 
Centroid Sorting Relocate, Group Average Relocate (Random) and 
Centroid Sorting Relocate (Random)
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APPENDIX F
Sinistra! Split-Sample Validation Results
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_T Score Means and Standard Deviations 
of Variables for Each Cluster Group 
for S in istra! S p lit  Sample 1
Clusters
Cluster 1
V A R I  A B L E N ME Ah) S T A N C A R D  
D E V  I  AT I  ON
NF 1 L E 2 9 2 A _> A . 7 6 2  0 1 £ 9  7 1 6 0 7 . 3 0 2  6 3 5  1 7
1 ••■JF U 2 9 2 . 2 9 9 J 1 O j a 6  • 3 0 6  1 2 5 6  7
CCMO 2 9 A 5 • 0 2 2 4 1 2 7 9 8 . 6 6 6 2 5 5 0 7
b 5  c R 2 9 1 E . 7 5 6 8 9 6 5 5 2 0 . 8 3 6 2 2 0 3  7
AvJOCLU 2 9 A ti . 2 9 5 1  7 2 A 1 1 4 . 8 2 0 6 4 4 5  4
AK I T H 2 9 A 2 • 6  4 3 4 4 6 2 6 6  . 9  2 2  4 6  7 7 0
h l o I T S 2 9 4 j . 7 9 A 1 3 7 9 3 8 . 2 0 0  6 0 5  1 7
C Li'.) I N 6 2 '■» 4 v> . 1 6 1 3 7 9 3 1 1 0 . 2 1 9  2 7 9  3  0
P I C C b M 2 9 J I . 2 7 9 2 1 0 2 A 1 C . 9 2 8 7 1 0 2 0
Bl . KDE:  b 2 9 5 1 . A 9 4 4 2 2 7 a «  .  3  3 6  7 7 6 3  5
..) R J A S S 2 9 5 ‘i .  9  A 2  A 1 J 7 9 1 0 . 3 3 6 5 7  3 5 9
T . VxGET 2 9 J c . 0 0 5 2  = 2 0  7 12  . 6 5 1 9 5 0 0  2
F l\ ' j  hi R 2 9 A 7 . 5  8 c 2 Cu a O 1 8 . 7 1 5 1 3 6 5  6
(• T vR 2 9 A A . 2  4 0  6 6 9 6 6 1 7 . o 1 3 8 1 2 1 4
T 1 ’ T i") T 2 9 5 1 . 1 6 6 6 2 0 6 9 9  . 6 5  2 1 7 3 9 7
T: >TMOT 2 9 A S. .  0  9  0 2 4 A 6 3 1 0 . 3 6 3 6 0 2 9 0
T Ai’ i? 2 9 5  3 . 1 9  3 7 9 3 1 0 9  . 9  2 6  £ 1 0  7 6
T Al5i- 2 9 A v . 5  9 7 5  6 6 2 1 1 I . 9 1 1 4  9 2 2 5
P E G S R T 2 9 a 5 . 0  5 7 2  4 1 3 c 8  . 7 4 7 6 2 5 4  0
P c t i S L ' f 2 9 A A . 5 6 6 5 5 1 7 2 e . 3 5 2 6 5 0 7 9
C A T T C T 2 9 A 2 . 9 9 2 7 5 8 6 2 9 .  1 8 3  1 3 7 6 4
ThJSBT 2 9 AO . 2 0.3 4 4 8 2 6 1 £ . 2 9 3  5 2 8 2 9
Cluster 2
VAR I ABU E N M Fi A ST Ah; CARP  
D E V  I AT 1 UN.
Ut I L L 1 |* 2  0  6 2 0 2 8 5 7 1 4 > 7 2 3  . 9 16 2 0 8 7 0
0 1 A 4 5 7 1 3 5 7 1  -;.i 7 . 2 1 0 9 5 0  6 5
u C '> p 1 4 6 2 b l 9 2 t j 7 l 1 0 . 7 1 o 6 1 2 8 9
s s p f  ;• 1 4 4 6 0 2 2 5 7 1 4 1 5 .  6 7  C 9 8  1 S 1
AL' j C Li ) 1 4 6 3 1 6 2 8 5  71 A 1 3 . 7 8 5 6 1 9 8 4
Ah I T11 1 4 A 4 7 6 1 4 2 c b 7 7 . 2 4  5 6 0 2 5 0
D I G I T :> I A 4 4 3 2 2 1 4 2  6 6 6 . 3 5 1 6 1 2 9  7
C 0 0  I NG 1 A 4 4 2 8 6 4 2 6 5 7 7 . 9 9 8  7 9 4 7 2
P I CC CM 14 5 5 4 7 6 4 2 6 5 7 9 . 0 2 1 9 6 8 3 5
3 1. ;<. D E 5 1 A 5  0 2 3 3 5 7 1 4 3 9 . 0 0 6 4 6 9 3 5
OBJ  A s: i 1 4 4 8 6 7 1 4 2 6 5 7 £ . 4 9 9  2 1 6 3  5
T A. i u t i T 14 4 £ 0 3 9 2  = 5 71 8 - 0 0  1 3 1 2 8 4
FAGr. -> 14 A A 5 7 1 4 2 6 6 7 2 1 . 0 8 4  £ 6 2 5 5
F T w;-; 1 4 4 7 4 2 8 5 7 1 4 3 1 1 . 0 2 1  4 1 9 1 2
TP TO T 1 A 5 5 0 7 7 1 4 2 8 6 6 *.4 7 8  C 5 9  3 3
T P T N O T 14 5 0 4 9 5 0 0 0 0 0 1 3 . 4 5  I 4 1 8 4 3
T A P t t 1 A 4 5 7 9 8 5 7 1 4 3 1 1 . 8 7 9 C 8 1 7 2
T A P L 14 4 0 5 0 8 5  7 1 4 3 1 2 . 4 1 1 2 6 7  7 4
P E G C R T . 14 3 2 6 2 3 5 7  1 4 3 , 2 2 . 6 4 5 4 4 4 3 1
P E 6 S L T 1 4 2  e 7 9 5 0 0 0 0 0 ' 2 2 . 2 1 7 5 5 7 7 7
C A T T O T 14 5 0 6 9 1  4 2  8 5 7 i 9 . 7 5 6 7 6 3 7 4
T R S 8 T 14- 4 2 6 5 5 7  1 4 2 9 1 2 . 3 9 5 2 3 2 0 7
I
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TABLE 1 (cont'd) 336
Clusters
Cluster 3
V AR I  A B L E N M r  Ah S T A N  CARO
D E V I  AT I  ON
N F I L £ 3 1 L A A t . 3 0 5 6 7 / 4 8 1 9 7 7 . 6 7 7 3 9  6 4  2
I Nr  U 3  1 A 3 . a  A 1 6  1 2 V 0 6 - 2 3 5 0 6 5 4 1
C CMP 3  1 A A • 3  0 1 6  1 3 5 0 6 . 9 5 3 5 3 6 5  2
S SP F: K 31 4 1 . 1 4 0 0 0 0 0 3 1 4 . 6 5  1 4 2  0 4 1
A U D C L O 31 4 8 . 2 6 3 3 7 0 9 7 1 7 . 0 0 6 6 9 6 6 2
A R I T U 3 1 4 2 . 5 3 0 b A 5 1 6 7 . 5 3 8 7 7 0 0 3
D I G I T S 3  1 4 4 . 7 2 0 0 C 0 0 0 8 . 3  7 9  4 2  C 0  3
COD I MG 31 4 5 . 3 5 4  5 1 6 1 0 1 0 . 5 2 0 0 6 1 4 2
c» 1 CC C M 31 5 5  . 6 9 9 0 2 2 2 6 6 . 6 5 3  2 2 2 9  1
‘3 L K D H  S 31 5 0 . 4 3 0 3 2 2 5 b 7 . 9 6 9 5 5 7 2 0
3 6  J A SS 3 1 5  1 . 2 9 1 2 9 0 3 2 9 . 2 9 5 E 7 4 9  6
T A R G E T 3 1 3 7 . 5 9 8 3 6 7 1 0 1 3 . 8 7 2 6 7 7 2 5
F A G  f i k 3 1 0 . 5  6 5 1  c l  2  9 3 2 . 0 1 2 9 3 7 3 7
F T WR 3  1 2 2 . 4 9 0 3 2 2 5 8 4 4  . 5 6 1  £ 2 9 9  6
T P T D T 31 A c . 4 2 6 3 6 7 1 0 1 3 . 2 6 2  1 5 5  a 5
T P T N U T 31 4  7 . 1 2 6 3 6 7 1 0 1 2 . 8 6 0  2 5 2 6 0
T APR 31 5  1 . 2 1 0 4 5 1 6 1 1 2 . 0 3  7 1 0 9  1 6
T A P L 31 4 6 . 1 7 7 0 9 6 7 7 I 5 .  3  1 0 C 0 <: 1 A
PEGSI V T 31 4 2 . 3 1 / 7  4 1 9 4 1 0 . 0 1 O 0 2 3 5 5
P E G S L T 3 1 4 2 . 6 6 0 9 6 7 7 4 1 9 . 3 7 5  2 2  1 6 2
C A T T P T 3 1 5 1 . 3 6 2 5 4 6 3 9 B .  7 0 0  2 2 2 6  I
T R S U T 3 I 4  1 . 9 5 7 0 9 6 7 7 1 7 . 3 8 4  € 6 9 6 6
C l u s t e r  4
V A R I  A B L E N ME A S T ANCARD
D E V I  AT I ON
n f i l e 7 1 6 0 3 . 2 7 1 4  2 8 5 7 1 2 C 4 . 9 2  8 t 9  6 7 4
I NF C) 7 4 0 . 9 5 2 8  = 71 A 5 . 9 9 8  4 5  7 3  4
CCMP 7 4 * : . 2 3  8 3 7 1 4 3 ' 1 0 . 3 2 3 5 7 0 0 0
5 6 •1 . * 7 5 0 . 8 - 1 5 7 1  4 2 9 6 . 1 6 4 1 3 1 2 5
A LiJ C L 7 4 1 . •.. 1 2 8 £ 7 1 A 1 2 .  1 7 1 C 9 2 7 6
A l-'T I 1 I- 7 4 3 .  <1 0 0 C 0 0 0 5 . 9  0 6 c v 6 9  6
D ! I 7 4 5 . 7 1  2 5 5 7 1  4 1 1 . 9 7 4 8 8 5 8 2
C c:d I 7 5  0 . 4 7 4 2 8 5 7 1 8 . 4  6 2 9  1 1 9  6
P ! CCCM 7 6  1 . 9 0 5 / 1 4 2 9 7 . 0 6 5 2 1 7 6 7
i > L t . L > 4 6 . 6 6 5 7  14 2 9 6 . 6 6 7 5 0 0 4 8
C u J A ) - i 5 2 . 3 6 0 0 0 0 0 0 9 . 1  7 3 3 7 a 5 2
1 AR g > r 7 6 0 . 6 2 0 C C 0 0 9 2 .  7 5  7 7 0 7 3 9
h AG NR V 6  4 .  0 0 0 0 C 0 0 0 C .  0 0 0  0 0  0 0  0
F T V.k 7 6  c • 6  5 5 7 1 4 ti 4 A . 4 5 0 9 0 5 7  4
7 P T  DT 7 5  2 . 3 0 2 8 5 7 1 4 7 . 0 1 0 5 4 3 7 6
T P T N D T 7 5  7 . 2  7 5 7 1 4 2 9 6 . A 7 6 C 1 4 3 5
T A P R 7 5 0 . 5 4 5 7 1 4 2 9 1 0 . 5 1 9 5 7 4 4 3
T A P L 7 4 6 . 0 0 5 7 1 4 2 9 9 . 7 7 7 2 3 5 2 2
P E G S R T 7 6 7 . 0 6 4 2  6 5 7  1 I B . 4 0 b 1 0 4 6 4
P C 6 S L  T 7 5 6 . 0 4 1 4 2 6  5 7 " 1 1 . 4 4 9 5 3 5 1 5
C A T T  rjT 7 5 5 . 5 2  5 7 1 4  2 9 8 . 0 3 6 C 4 3 5 1
TRS13T 7 4  5 . 0 3 4 2 8 5 7 1 7 . 4 0  9 £ 3  5 d  0
N.B. The four cluster solution lis ted  on this table represents 
the results of both the Group Average and Centroid Sorting Methods, 
since identical solutions were generated from each.
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TABLE 2
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T Score Means and Standard Deviations 
of Variables for Each Cluster Group 
for Sinistra! S p lit  Sample 2
Clusters
Cluster 1
V A R l
NF 1LE 
1 NF O 
C C M P
sspur?
A U X L U  
AR I T H  
D I G I T S  
C O O I  No  
f-' I C C L M 
U UK. DcS 
OL3J A 5 i  
T A R G E T  
FA CNR 
F: Till A 
T P TO T 
T P T N O T  
T A; , F 
TAPL 
P E G  Si? T 
P E G S U T  
C A T T O T  
T R 5 B T
N M E A N
2 7 1 9 9 2 . 9 A A A A  AAA
2 7 <4 A . 5 6 7  4 0 7 4  1
2 7 A 2 . 6  A 1 A 8 1 A 0
2 7 3 7 . 0 9  0 5 1 5 5 2
2 7 5 1 . 0 7 5 5  5 5 5 6
2 7 A 3 .  7 OA A AAAA
2 7 A 5 . A 3 2 2 Z 2 2 2
2 7 a 7 .  1 C 0 3  7 0 3  7
27 5 m .  A A 5 ? C J 7 0
2 T 3  I . A .3 t A 0 1A J
2 7 5 2  . 0 9 0  1 Ac: 1 >
2  7 A O . 2 7 3 9 2 5 9 3
2 7 —0 . 2 1 6 2 9 6 3 0
2 7 3  0 . 2 5 7 0 3 7 3 4
2 7 4 6 . 6  0 4 C 7 4 0 7
2 7 A A • 6  2 0 2 7 0 3 7
2 7 <f c .  3 J 0 0 C C 0 0
2 7 3 2 0 0  C 0 0 3
2  7 A 1 . 6 5 6  5 0 6 6 v
2 7 4 2  . 7  2 4 4 4 4 4  4
2 7 5  C . ( > 9 9 6 2 9 6 3
2 7 2 9 . 3 2 5 6 2 9 c 3
S T A N C A R D  
D E V  I AT I O N
1 6 6 6 . 6 1 5 6 9 6 1 7
6  • 3  A 7  5 3  0 A 7  
9 . 9 6 7 9 6 7 4 3
1 6 . 7 9  B C 5 2 2  5  
1 7 . 0 3 2 2 0 5 9 9
7 . 0 0 0 8 3 4  7 5  
S .  0 7 7 5 6 3 6 7  
9 . 9 4 4  4 5 5 1 5  
6 .72 1 91 4 9 9  
f l .  2 3 3 8 8 5 7 0  
0 . AJO 7 2 8 6 1
I  2 . 7  7 7 5 4 7  Oy  
2 7 . 6 6 4 5 3 2 6 1  
1 2 . 5 A 6 1 1 6 1 1  
1 0 .  1 1 2 2 8 1  1 6  
1 3 . 9 6 9 C 2 8 2 4  
9 . 4 9 2 6 2 7  SO 
I  2 . 6 3 7  A 0 1  A 5  
1 7 . 9 2 2 2 0 2 2 5  
1 6 . 7 4 2  5 9 3 Q 5  
9 • 2 3 5  5 5 7 7  A 
3 2 . 2 6 6 9 0 3 2  6
Cluster .2
VAR I Af JLE N ME A.. 3 T A N C A R D
DE V I AT I C N
NF I I .  6 6 2 O 7 C . 2 3 7 5 C 0 0 C 5  1 5 . 0  6 9 8  6  9 5  2
I NF 6 n A 2 . 0 6 3 7  5 0  0 0 4 . 6 9 5  I 0 9 7 3
CCMP a *♦ v. • 3 3 3  7 £ COO 5 . 0 3 7 7 9 4 1 2
S S - ’ r.K ii A 8 . A 3 0  0 0  0 0 0 8 . 6 7 y 5 1 0 6 1
A U J C L l ! 8 •’I 2 « 7 'i !i C C 0 0 j 1 1 . 4 9 2 2  v L 5
A H I T F a A A . l o b i / J u J 4 . 2  72 6 5 3  0 7
D I G I T S 8 A 2 . 0 8 2 5 C O O O 5 . 3 9 2 6 2 A 3 2
CCD I MG 8 A 9 .  1 6 7 5 0 0 0 0 9 . 5 5 4  4 3 9 1 3
P I C C O M 6 5 ^ . y l 7 c 0 0 0 0 7 . 3 5 6  1 8 8 1 9
t l L K D E S 8 5 C . 3 2 3 7 5  0 0 0 7 . 5 0 7 1 9 2 6 2
C F i J A S S 6 5 C  . 8 2 2 5 0 0 0 0 6 . 6 0 7  4 7 5 7 A
T A R G E T 6 4 A . 7 1 2 5 0 0 0  0 I 4 . 5 3 1  1 6 4 2 9
F AG NP 8 6 1 . C 0 0  0 0 0 0 O 1 1 . 0 5 6 2 8 2 2 4
F T  vn-: 0 6 0  . 1 7.3 7 5 0 0 0 9 . 1 1 7 2 6 0 1 0
T P T D T 8 8  4 . 4 7 5 0 0 0 0 0 3 . 8 0 7 8 1 1 5 2
T P T N D T 8 5 4 . 3 8 2 5 0 0 0 0 8 . 3 9 1 C 6 7 3 S
T APR 8 4 8 . 3  1 0 0 0 0 0 0 5 .  6 3 Ci 0 6 2 1  7
T A P L 8 4 9 . 1 5 1 2  5 0 0  0 6 • o  2  fa 4 A I A 9
P E G S R T 3 A C . 3 2 8 7 5 0 0 0 1 4 . 9 3 0 2 8 2 2 1
P E G 5 L T 6 4 4 . 7 0 2  5 0 0 0  0 6  . 0 7 6 4 2 9 2 9
C A T ! C T 8 5 I . o 5 3 7 5 C 0 0 7 . d 3  3  9 1 5 1 6
T R S 8 T a 4 5 . 9  7 2 5 0 0 0 0 4 . 7 5 2 2 5 5 8 6
i
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Clusters
Cluster 3
V A -l 1 ABL  -i N Mr.  A S T A N C A R D
D E V I A T I O N
NF I L L 2  3 2  o 9  7 . 3 8 6 9 5 6  5  2 2 2  5 1 . G 2  2 E 7 4 S C
I Nr  U 2 3 A 4 . 3  4  7 3 2 o 0 •-> 6 .  0 6 5  9 4 9  6 4
CC.-1P 2 3 5 0 . 2 9 0 0 0 0 0  2 9 . 6 8 7 2 8 4 4 9
S S ° E R 2 3 4  2 . 6  1 5 6  5 2 1 7 1 5 . 0 5 8 2 0 7 0 1
AUi)C LO 2 3 4 5  . 7 S 0 0 C 0 0 0 1 4 . 8 0 2  1 0 1 6 4
AR 1 TH 2 3 4 2 . 4 7 2 6 9 5 6 5 6 . 3 9 2 2 6 7 9 8
D I L I T S 2 3 4 4  . 9 2 7 3 9  t 3 0 8 . 5 2 0 8 0 3 5 4
C O J I N L 2 3 4 9 . 2 7 5 o 6 2 1 7 9 . 4 6 0 0 6 7 5 2
P I C  C CM 2 3 •5 1 .  7 2 9  1 2 0 4  J 1 C . 9 1  1 7 9 3 8 3
O l K O E S 2 3 5  1 . 5 9 3 4  7 3 2 6 8 . 2 1 9 0 3 2 0 2
G U J A S S • 2 3 5 £ . 9 5 6 0 G 6 9 O 9 . 2 6 0 4 4 6 5 5
T A R G E T 2 3 3 4 . 7 9 2 c C 6 7 0 1 6 . 0 3 5  1 0 3 8 8
F AG MR 2 3 5  5 . 0 4 3 4 7 8 2 6 9 . 1 0 2  e 3  8 0 2
F-T'/jr-' 2 3 1 3 . 4 8 7 3 9 1 3 0 4 1 . 4 - < 2 1  71  5 3
T P T D T 2 3 6 C . 7 C 6 0 E 6  9  6 6 . 4 7 6 5 1 2 6 3
t p t n d t 2 3 4  2 . 5 5 7 3 9  1 3 0 2 3 . 1 1 5 9 4 5 3  9
T APR 2 3 5  2 . 4 2 6 4  5 c 5 2 14 .  1 2 5 7 2 3 7 4
T Aa L 2 3 4 8 . 5 5 7 2 9 1 3 0 1 4 . 0 1 8 8 0 6  7 5
P - . G S R T 2 3 4 3 . 5 1 6 5 2 1 7  4 1 4 . 8  7 1 4 2  0 9  2
P F C . S L T 2 3 4 2 . 8 6 7 8 2 c : 0 9 1 2 . 5 3 6 8 1 0 3 1
C A T T U T 2 3 4 2 . 4 1 6  0 6 6 9 6 9  .  5 5 5 6 3  9 8  1
T R S U T 2 3 3 4 . 2 5 5  t: 5 21  7 2 1 . 0 3 9 2 2 3  7 5
Cluster 4
VAR 1 A B L E N M E A N S T A N D A R D  
U E V I  AT I  ON
N F I L E 22 2 5 9 5 . 9 7 2 7 2 7 2 7 1 7 C 5 . 3 7 8 4 5 9 0 9
I NF L) 2 2 3 8 .  9 2 6 6 3 6 3 c 7 . 5 1 6 2 4  5 4  5
C L  A r> 2 2 4 6 . 7 6 7  2 7 2 7 3 9 . 5 7  1 2  4 2 2 4
5SPF.  R 2 2 2 0 . 2 6 3 c 2 2 . 8 0 3 8 5 6 0  1
A U - K . L O 2 2 GO . j 9 1 :! 16 18 1 4 . 9 1 7 2 3 7 5 1
A>< 1 T M 2 2 *t . 1 2  0 J 0 9  0 9 6 . 5 5 0  5 6 4  9 8
1) I G I T c 2 2 4 4 . 3 9 4 6 '* 5 4 5 9 . O 1«. 2 9  4 6  7
C CO I NO 2 2 4 6 . 3  3 4  0 9  0 9  1 8 .  8 9 4  2 3  4 9  £
P 1 C C G M 5 6 . 2 1 1 8 1 6 1 c £ . 9  8 4  9 4  8 6  0
U L K O i ;  5 5  5 . 0 0 0 0 1 0 0 J 6 . 9 5 H 2 d 0 3 5
U i t J A  5 3 .. u 6 6 . 2 1 1  • 1 fi 1 :i 8 .  3 7  c: 6 c  1 2 5
TAR OCT 2 2 5 0 . 0 3 8  2 7 8 78 7 . 5 9 2 5 / 7 1 6
F A C, N R 2 2 5  1 . 5 4 5  4 5 4 6  6 1 5 . 3 0 0  C3  4  2 £
r t ,vh 22 5 3 . 7 0 1 8  1 o 1 8 1 0 . 6 3 1 2 5 1 9 4
T R I  H i 2 2 5 3 . 4 2 5 9 0 9 0 % / 6 . 6 6 2 5 2 3  7 I
T P T  NOT 2 2 5 2 .  1 9 4 0 9  0 9 1 7 . 1  e 8 2 9 8 4  7
T A PR 22 5 2 . 7  9 3 6 2 6 3 6 1 I . 6 3 7 2 6 9 1  7
T A P L 22 4  6 . 9 0 1 8 1 3 1 6 1 0 . 4  7 2  1 1 2 9 2
R L: 6  • > R T 22 5  C . 9  9 9 0 9 0 4  I 1 3 . 4  / 9 £ 0 3 2 0
P L G 9 L T 22 4 9 . 8 1 1 3 6 3 6 4 1 1 . 2 8 1  7 2 6 1  «
C A T T O T 22 5  1 . 1 2 0 0 0 0 0 0 0 . 4  7 6 7 0 1 9  6
T R S D T 22 3 9 .  1 5 7 7 2  7 2 7 2 1 . 1 3 1 3 3 0 3 7
N.B. The four ciuster solution lis te d  on this table represents 
the results of both the Group Average and Centroid Sorting Methods, 
since identical solutions were generated from each.
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APPENDIX G
Seven-Cluster C lassification Arrays produced by 
Group Average, Centroid Sorting, Group Average Relocate, 
Centroid Sorting Relocate, Group Average Relocate (Random) and 
Centroid Sorting Relocate (Random)
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APPENDIX H 
Dextral Split-Sample Validation Results
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TABLE 3
T Score Means and Standard Deviations of 
Variables fo r Each Cluster Group for Dextral S p lit  Sample 1
Clusters
Cluster 1
V A R I A B L E  N M E A N  S T A N C A R D
D E V I  AT I U N
N r l i e 1 4 2 0 £ 7 . 6 2 1 4 2  8 6  7 8 4 7  . 2 0  2 2 2  7 9 £
I  Ni- U 14 4 ^  . 2 8 5  7  1 4 2  •si 7 . 4 4 4 9 0 6 0 7
CC.-IF 1 4 4 4  . 0 4 6 4 2 f t 5 7 • 4  . 7 4 5 4 2 4 6 9
S S ’>E». 14 3  1 . 7 2 3 5 7 1 4 3 1 5 . 9 4 9 5 6 5 8 9
A U D C L O 14 3 9 . 6 2 2 6 5  71 4 ' 9 . 2  l o f t  1 1 5 3
A H I T H 14 4 i .  1 9 0  0 COCO 5 . 9  3  4 ft o  7 3 ft
D I G I T S 14 4 1 . 1  / 0  7 1 4 2  5 ft . 0 7 7 3  9 1 2 2
COD I N O 1 4 4 5 . 9  5  3 3 7 1 4 3 Q . 1 3 3 2 3 1 6 6
P  iC C C M 1 « 5  4 . 0 4 7 8 5 7 1 4 1 1 . 1 0 9 2 7 S S 3
L i L K D d S 1 4 5 6 .  1 9 0 7 1 4 2 9 y . 3 2 4 2 3 9 5 9
C U J A S ii 1 4 5  6 . 9 0 5 0 0 0 0 0 1 0 . 3 9 6 4  8  1 2 5
T A f G E T 1 4 4 5 .  2 5 2  1 4 2 6 c 1 3 . 9 0  ft 2 'J C 5  ti
14 5 c . 2 6 6 7  1 2 * 1 c . 9  5  0 4 3 7 ft C
1- T A 1 4 4 5 .  ; 5 M  4 2  V *  4 . 8 5 4  1 5  ft 0 0
I P  T U T i 4 5  1 . 4 o 7 1 4 _  8 c 7 . 6  2 5 9 - / 0 9  1
T P T N O T 1 4 3 C . 9  1 6  4 2 6 5  7 5 * 0 7 1 6 3 4 8 8
T A PH 1 4 8  2 .  1 ft 2 1 4 2  6 ft 9 . 6 9  7 7 7  7 0 5
T A » L 14 4  c . 4 5 3  b 7 14  ft ft • 9  2 1 6 3 5 f t  7
P E G S E T 14 3  4 . 9 0  71 4 2 o c 7 . 0 8 3  1 51 c.5
P E G S L .T 1 4 4 3 . 4  1 4 2 8 5 7 1 1 2 . 4 8 5 5 2  8  5
C A T l ' L - r 14 4 7 .  5 3 4 ? .  c 5 7  1 f t . 8  5 7  2 7  6  4 3
T P 5 l . iT 1 4 1 i, .  5  c  2  1 4 2 ft u 3 8  . 2 0 4  6 2 1  1 2
Cluster 2
v a d  i  a p l i-i M E  a n
1 -i 1 <: •: •; ; /  1 4 8
1 4 • 5 w 1 J 0 0 0 0  J
L i ­ 1 4 4 3 V ft ~ 1 4 t 6 0
ft • 1 4 4 2 ft 7 f. 0 0 0 0 0
AO..K. t. 1 4 £ .1 3 2 0 C C 0 0 O
A p  i 1 > • 1 4 4 8 a l o o o o o o
u 1 1. ! TS 1 4 4 A 9 9 9 2 £ 5 7 1
c . ' l •<<’ ) 4 4 5 0 5 4 2  6 5 7 1
t ’ 1 C L -1 I 4 3 2 0 9 5 7  1 4 2 9
•. L ft 1 4 5  6 4 2 9 8 6 5 7 1
i . i JJ A ft ft 1 4 5 4 0 4 7 5 5 7 1-1
7 Ai* G 5T 14 o 9 5 1 4 2  £ 5 7 1
F AG.N’.i 14 5 2 4 2 3 5 7  1 4 3
f  T ■ > r< 14 3  £ 8  2 2  c 5 7 1 4
T r) T 0  T 14 5  1 0  2 7 6  5 7 1 4
T P T  NOT 14 4 6 6 3 5 7  1 4 2 0
1 A Pu 14 5 2 6 2 0 0 0 0 0 0
7 A PL. 1 4 3  £ 2 7 0 0 0 0 0 0
P E  G S R T , 1 4 . . 3 . 2 4 6 7  3  57.1.4
P E G S L T 1 4 7 7 7 8 5 7 1 4 3
C A T T U T j 1 4 4 9 0 9 5 0 0 0 0 0
T R S B T 1 4 :i> 4 2 9 7 0 0 0 0 0 0
£ T A N U A P ■"> 
w .:.\f I AT I ON
: 1 C .  O i. 2 l  1 r ,  c 
C . 1 1 ^'2 7 7 ,6  
7 • ft £ 8:  • . <_ f 
1 ft . "j 2 ft £ Q C + -+ 
1 4 . OUR S a l  2 1 
ft * 2 5 0 3 1  4 4 5  
ft • 0 8  7 5.'3 8  9  8  
1 J • 4 9 8  5 r; 7 '3 ft 
v .  4 f t * /753  1 -4 
1 0 • 4 1 5 ft 1 2 I £» 
1 0 .  5 5 5 4 5  Ef tC 
1 5 . 5 5 2  2 0 1  3 5  
8 .  9 8 4 7 2 4 5 2  
1 f t . 2 2 5  6 6 7  C2  
6 . 2 1 3 2 5 0 0 4  
9 . 5 6 3 4 3 7 2 3  
1 2 . 5 2 5 0 9 0 6 7  
1 1 . 3 5 1  7 6 1 6 4  
. 1 5 . 3 ) 8 . 4 . 9 9 6  7 1 
2 2 . 7 5 5 2 9 6 5 7  
7 .  1 3 7 5 3 1 6 7  
1 2 . 7 7 7 4 5  0 CO
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TABLE 3 (cont'd)
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Clusters
Cluster 3
V AM I ARL £ N Mil AN STAMM-VO
2 2  V. I  A T 1 J  N
NF IL5 11 1677.65454545 762 . 1 0 425975
I NF-.J 11 41 .6161.31 o2 6 .21 0 8579 4-
CCMP 11 44.2427272 7 a . 0 39 93592
S 5 P - K 11 3 2.62545456 2 1.99466407.
A UlTC L< ’> 11 3 6 . 19626564 1 5 .229197 79
A R I T H 11 42.73000000 8 .6.69591 69
DIG1T8 11 4 6.66545455 12 ..110 22.64 7
COOING 11 53.94 181815" 12 .0 0238211
PICOCM 11 S0-.00000000 5 .57813230
n L!< ;>F s 11 46.06090909 5.33819905
0 3  J A 5 M 11 52.12181818 3 .59993002
1 AP ?•c T 11 27.J 1636264 1 1 .00781940
F A 5  *-lr < 11 4 1 .27272 72 7 1 c . 739 71 869
r t .p -. 11 - 1 1 . 3 6 5 4 5 4 5 6 3  A .55654091
T - ' T . ' T 11 4 6 . 6 3 4  Ci 4 84 5 • 9 ‘3 5  11629
T FT ' J OT 11 4 7.ol727273 1 2 . 333C743 1
T A P  :< 11 50.0 49 09 091 1 0.22 595o6 3
T A PL 11 3 3 .  0  9 1 : U  d 1 3 1 1.3 JO 21d4 9
p c  >.» 3 t 11 5 7 .6 68161a2 5 .23637369
P/.35L <■ 11 4 3 . 5 7 7 2 7 2 7 m 0 . 5 1 4 1 3 9 0 2
C A T ! - p 1 1 4 7 . .6 4 3 (j 3 6 o. i 7 . 5 0 3 4 9 6 3  C
t •1 r 11 4 5.32 2 72?d7 1 0 • 5 5 2 c 7 Cd 4
Cluster 4
L. 
I (
T '
A V 
L.
V Ail I ANLL
: .  r  ; :.
1 Nr- ,
CL.-'.5 5Pr 
A. T )L 
A M I T 
.J I'J I 
C < 1 
I-1C''
• i I  - - ! i '' 
I.' - ‘.J A - 
TAM  V. 'r~ a *.» •*.f*>
f T , v <
T P  T O T  
1 PT ATT 
T AP'*’ 
T A P L
r1 2v-»6 rv T
P £ G 5 L T
CATTOT
TRsar
N
6
o
o
u
6
o
o
6
6
,XJ
6
6
6
Wf AN
1 1 COCC J 0 0
4 9 . A VO J -J3 3.J
0 0 J 0 C 0 0 0 
1 5033333
1 fic'jti'io 7 
7 \ i OOCCOO  
3 3333 J3 .->
I t J J J . : 3  
7 I <j t. f: 0 ‘ . 7 
■ 1 ' i < • 3 J 3 3 3 
L 3  1 L-. f..-6 7
T 1 w J .iOO
T J OOOu OO  
7-45000 00 
355 0 0 000 
3 A 0 0 0 J 0 0 
3 e 5 0 C 0 0 0 
3 7.37333333 
,53.3 7.3 2C03.J. 
35.03500000 
o l . 0  2666607  
3 4.12000000
3 0.
3 5 . 
7 3 .
4 7 .
3 3 . 
A •> .
4 7 . 
A c . 
-  7 . 
4 3 .  
A 5 .
4 5 .
53 . 
*w . 
4 4
S T A N C A R U  
O c V I  A T I  O N
6 13.074 4251 7 
S. 34221 552 
5.576 lo2J3 
I ?! .2556 5 546 
1 0 . 275 42 93 C 
.34- 5 4 0 0 0 3
5 . 16o 6c 0 4 3
6 . 7• • 4 2 8 2 5 
1 1 .  0 3 7  7 ,'M 1 C 
1 2 . 2 3  1 3 3  O'- 7 
1 2 .  5 4 7 12 o. 
1 0 .  7 3 7 5 m 3 2 _ 
1 9 .  3 3 ’>0 7 v o  1
7 . 7 7 3 1 *5 5 7 J 
9 .3272 93 6 3 
7 .2061 77 Jo 
6 . 0 6 2 2 4 2 2 4  
7.609 10H5 0
 6. 2.262.605.6
16.51696552 
9 . 08606772 
6.2 7 271902
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TABLE 3 (cont'd) 354
Clusters
Cluster 5
V A R I A B L E  N i»l ii A N S T A N D A R D
JEVIATION
NF I l E 13 2 03 1.43838869 1 956.52201 756
1 i\F 0 l a 4 4 . 8 1:50 0000 5. 62694071
C CAP i  a 48 .70277 773 10.43727509
S 5 P  rt 13 3 0 .05 7 77 773 1 7.971 58 03 6
AU'JCLL) l b 44 .57222222 1 0.55514402
AR I T U 13 A £ .00000000 7.4314300 7
D I G I T S . 13. 4 4 . 8 1 5 5 5 5 5 6 . „ S .  262.5.74 6.C
C CD 1 hi G 1 3 49 . 4 4 4 4 4 4 4 4 9.58341473
P I CCCM 13 5 5 .92555556 7.63150104
BLK.OCS 1 a 53 .33277778 9.28840758
OBJ A SCI l b 55 .74000000 12.66859898
T A I -; 6 -I T 10 4 5 .73222222 1 1 .049 130 15
f a '">n  r l u 5 .3 7555556 30.768 01131
FT.. K 1 c, 4 1 . 5 0 0 5 8 5 5 6 16.042 45 30 4
T P T 0 T l a Jj ‘j .24111111 6.13515606
T P T M J T 1 6 5 0 .3244 4 444 6.5 364 01 I 1
T A .■•> : 1 <i 56 . 2 1 6 1 1 1 1 1 11 . 3 8 4 9 4 0 5 9
T 4 't_ M ‘1 5 . 3 ::2 7 7 7 7 8 3 . 3 8 5 1 0 6 4 1
P 1.! > t I T 1 5 2 • 16 2 r. 6 A v < 1 0 .  9 2 9 7  7 1 c l
. v» :• t, T 1 .j 58 . 6 0 2 2  2 17 < 1 •* . 0d3 ‘,742 1
C A T i u T I'.i « J . 2 J 7 7 7, ' .  , . . 3 1 4  7 8 2 9 6
T , < 3 •' T 1 6 t. . 7 6 3 2 :2 i 10 . 3  0 6 1 2 9 1 C
VA"! I Art l_5
N F I «_ ti 
I \ :r :.!
C L •'P
a ; C'_-j 
A ' v I T M 
O I 1 I ' i
Ci.: M
r>; c c i . ;-v 
' l  •; ' • d>
. .  " J
T A:. ’ d. T 
F
r  i ,.m 
7  P T  :  >  7  
T P V ,S D T 
r A -•>
T A-JL 
P Ti 6 3  R T 
P E o S L T  
. C A T T O T  
T R S B T
Cluster 6
N c. A -j ST A, - ., A A* 1)
DL V I AT 1 ON
1 6 2254.92600 000 2 1 0 5.4584.! 5 6 2
It; 4 2.91 75 -.. 000 6 • 9 46 b 6 4 1 6
l u 4 L .6 f;'_2 ‘I jO J 6 . 99269612
1 i . 5 0.6 593 7:: 0 0 11.27358o52
1 c. 3 9  .5:3000000 5 .  1 1 0  9  7 3 I 0
l o 4 4 » 0  762 6 CuO - VJ .6665/093
1 (:• 4 6.126 5-2600 7.791 39:58 2
1 o * j  . z  •  6 ‘ j  :• 7 v J iJ 0 5  .  c 1 0 1 6  6 . : '  1
1 . .I j . / .6 0 1 2 . 2 3 8  4  4 0  4  i .
1 < - 1 . 0 4 1 . . /  : . I J .  o c  1 6  7  j  8
1 r. J .  3  J I  C i; 0  0 9 .  2  8  9 8  )  1 2  3
1 v.i 4 7. 94 8 7 5 0 0 9 10.86596532
1 t- 6b.00000000 5 .  4 b b 04 04 1
1 C< 57.20187500 3 . 7 0  2 8 3 4 5 0
1 6 54.24000000 6.880 26 04 6
1 C' 5 3 .93375000 6 . 3 d  1 2  6 1  9 3
1 v 5c. . 9  2500000 1 C.9 02 496 1 3
16 42.26875000 9.4 0464 84 1
1 6 6 3 . 4200C000 8.163 e6 0 4 C
l o 47.61062500 1C.72061905
1 6 52.28 625000 8 . 7 9 / IS62 6
16 50.65687500 5.06025654
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TABLE 3 (cont'd)
355 1
. Clusters
Cluster 7
VAR I  Al3Lt*J N MEAN S T A N D A R D
.U E .V I.A U  ON.
N F I  LE 2 4 5 9 .  6 5 0 0 0 0 0 0 1 2 2 . 2 5 9 7 6 2 4 7
I NV CJ 2 5 5 . 0 0 0 0 0 0 0 0 2 . 3 6 1 7 3 6 6 5
COMP 2 . 5 0 . 0 0 0 0 0 0 0 0 . • 4 . 7 0 9  2 3 1 1 6
S S P tiR 2 5 2 . 6 5 0 0 0 0 0 0 0 . 9  9 9 9 4 9 4  9
AUOCLO 2 4 6 . 9 4 0 0 0 0 0 0 1 0 . 6 9 1 4 5 4 5 3
AR I T U 2 6 1 . 6 7 0 0 0 0 0 0 7 . 0  7 1 0 6 7 6 1
D I G I T S 2 6 0 . 0 0 0 0 0 0 0 0 . 4 . 7 0 9 2 3 1 1 C
CO O I N G 2 4-6 . 6 c ‘o 0 0 0 0 0 4 . 7 1 6  4 0 2 2 3
P I CCCM 2 3 5 . 0 0 0 0 0 0 0 0 2 . 3 6 1  7 3  6 6 5
OLtsO'.IS 2 2 6 . 3 3 5 0 0 0 0 0 1 1 . 7 8 7 4  7 0 0 4
Gt?J ASS • 1 £. 4 0 . 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0 0
T Ak j CT 21 5 0 . i e s c c o o o 0 . 0 1 6  1 3 2 9 0
FAG- iP 21 6 2 . 0 0 0 0  0 0 0 0 1 1 . 3 1 3  7 0 6 6 0
F 1 A K 2 4 6 . 0 1  S O U 0 0 0 1 0 * 7 3 / 2 1 7 5 1
TP TUT •' i C- A 6 • '1 o 0 0 ’o '} j  J 1 3 .  b 4 v3 1 • > 3 J 3
T P T N D T 2 4 4 . 6  10 C OJO J I 4 .  u 1 4 i: 5  6 4 0
T A-Jit cl 62 . . 1 5 5 0 0 0 0 0 4 • 1 6 4 6 5 6 9 4
1 A PL 2 4 . ; .  2 2 0  DC COG 0 . 5 7 9 6 2 7 5 6
PE GSRT 2 4 2 . 2 5 0 0 0 0 0 0 1 2 . 8 4 1  0 5 9 1 5
P rlG S LT 2 4 7 . 0 6 . 5 0 0 0 0 0 1 2 . 5 b  *3 2 3 7 0 0
CMTi.T 2 G5 . 5 2 5 0 C O 0 0 4 .  0 5 0  0 0  6 1 3
TR6 DT 2 5  0 . 1 4 0 0 0 0 0  0 0. OOOCOOOO
N.B. The seven cluster solution lis ted  on this table represents 
the results of both the Group Average and Centroid Sorting 
Methods, since identical solutions were generated from each.
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TABLE 4
356
_T Score Means and Standard Deviations 
of Variables for Each Group Average Cluster Group 
for Dextral S p lit  Sample 2
Clusters
Cluster 1
VAR 1 AfJL £ N
NF 11.1* 1 6 1 6 1 ■*
I Ni ‘ i 1 fc 4 4
c o m :-1. 1 6 4  c
S S ’ = •'< 16 1 9
AWOCLO 1 6 3 9
A!< I T it lu 4 5
f) I 9 I 1 5 1 A •4 2
0 1J 1 V.» 1 6 4 7
P I C  •' 1 o 5 1
*'• I L ' 6 5 1 t) 52
L'OJ A5;i lu 55
T A;: ->5T 16 4 4
F A.» i 11 * 1 V. C
( J y ; , < 1 6 4  0
' S P T i j l 1 6 4  7
TP 1 'ui' 16 5  0
1 A  ’  i < lo 5  1
T A u  l . 16 4 1
PiZGL'i ,T 1 6 53
P c  1Li 8 L T 1 6 4  0
CAT TOT 1 6 6 2
TR5BT 1 6 3  2
ML' AN
. 7 •; <7500 0 
. 7 -Joooooy 
. 75062=00 
.4068 5 000 
.<(■512 =000 
•6 2 503000 
.7  5 0 0 0 0 00 
. 70<=3 7 600 
. 4:5 0 7 b CO 2 
. 7 1 5 2 c ? ■ j
.0 312 5 000 
.25000000  
* 6 7062500 
.653 75000 
•06JU7500 
•77675000 
. 720 62 60 0 
. 17562500. 
.7 0125000 
.13312500 
.27125000
STAN CARL) 
o e v r  a t i o n
3 0 9. 550 7 o 3 6 2 
'4 . 70 V 99736 
7.73126136 
26.20133635 
I A.75743734 
t>. 745 17 704 
7.0 <3 46 7 360 
10.73003353 
1 2 . 1ov 2 j3 2 4  
9. 01 !.» 1 4 t> 4 5 
10.11023115 
9.o7487672 
50.93972 63 5 
15.2096931 7 
13.49305986 
1 1 .o 0 5 C 6 3 7 9 
3.55917004 
8»50 31=515 
10.45350629 
13.29530989 
V. 1 77 75660 
1 4.26412493
Cluster 2
V A : 1 APl.3 '■i Ml.-. AN 5UTAMCAPO LV1 ATI LW
Nf : i. : S.o 2 1 .J 1 . T [j 2 .10 7 7 8 9 1. wi 1 • '■ 1 i G 3 5
I .6 i i. 6 '» J . J 8 36 4 6 1 •) 4. 3 5 3 3 5 0 9 6
ct ,'r, 5 1 .0267.'; ./ 8. 4 7 2 9 0 7 4 9
S 5 p r K <- -. . . tj 5 >J 4 cL lii. * 2 0 2 = 3  7o
A 6.>5 L Jt. - . . . .:A(: 1 6 3 9 1 1 .130 53413
API Tl- 2o 4 ..'.2 7 7 c 92 3 5 •22166 7 72
0 IG1T5 26 4 . 0 76 5 2o 0 5 — E .J 5 L 9 4 72 2
CCD INC 26 4 6* .4 60 76923 10. 164 63865
P I C C CM 26 65.9 746153e 1 1 .565 61772
f.l LK 3 E S 26 53.7 1769231 6. 6214 5 743
O DJ A l.» .*> 26 52.9 4884615 9. 0 111559 0
T A-7 6 1; T 26 4 1.16 55 2 462 12. 46060528
FA'jNli 26 6 7.646 1 5 28 5 1 0. 1 9 t 68209
r t n- 26 4 f; . 5 . > 2 3 C 7 6 i/ 12. 05064363
TPTOT 26 5 4.37354615 .6. 299 4 J0 80
TPTNDT 26 5 1.72922077 6. 882 5 5319
T APR 26 60.5 6 80 7092 10. 86552862
TAi’L 26 4 7.64346154 9. 46222733
PFG5RT 26 5 5.4 2615385 7. 878 033 05
P5.551.T 26 4 6.52500000 1 1 .90670000
CAT TO! 26 5 0.v 26 15385 7. 671768 0 2
TRSUT
I
26
I;
3 6.7780 7 692 ,
!i
18. 12849492
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TABLE 4 (cont'd)
357
Clusters
Cluster 3
v.v«; I AG(_ d M oil* ST  AN CA r?D 
O'd V I  A T I  ON
N F I L L 
I  N> J 
C -xT*  
SS'PER 
AU'H'.LG 
Al? I T I-
0  I G 1 T S 
C CJ  I r Jv'. 
:>ICCU>I
hlkjtjs
1 .! J A S S 
T 4P G E T 
F-'AGN i; 
TT
T,-nDT 
T r ’ T  ■. J T  
T A* > i ' 
T A ^ l .
P L G i - . T  
P K ■' "« 3 L T 
CAT T i;T 
TP 5 r>T
A 2  5 3 C . 5 7 6 0  0 0 0 0  
4 4 6  . 6 7 0 0 0 0 0 0
4 4 5 . 0  0 0 0 0 0 0 0
4 4 8 . 3 6 5 0 C 0 0 0
4 5 4 . 0  0 0  0 0 0 0 0
4 4 0  .  1 6 5  0 0  0 00
4 4 £  .  0 J 0 0 0 0 0  J
4 4 2 . 5  0 0 0 0 0 0 3
4 4 5 . 8  3 2 5  0 0 0 0
4 4 6 . 3 2 2 5 0 0 0 0
4  6  o ; <j i 6 C 0 0 0
4  2  0 . 5 3 0 0 0 0 0 0
4 3 2 . 5  0 0 0  0 0 0 0
4 J 4 . 0 V ? 5 C 0 0 0
4 4 5 . 1 7  0 0 0 0 0 0
4 b . 5 1 7 £ C 0 0 0
4 c, 1 .  <» 2 7 j  0 0 0 0
4 *4 6 .  1 '* I  •> C 0 O u
4 2  I  . 5 J 7 ‘: COOO
4 - 3 7 . 0  1 7 5 0 0 0 0
4 5 1 . 1 2 7  5 COOO
4 3 C . 5 9 7 5 COOO
120 
L 
6 
16  
1 7 
6 
c  
6 
'4
25 
20 
2 5  
0  
t. “ 
r\ 
1 2 
25 
90 
1 0 
16
. 4 962403c; 
. 16 4 91> 5ol 
. 036762-36 
.  7 9 4 2 1 1 5 4
• 0 6 3  6 0 6 5 0
• H 7 4 2 6 0 4 5 
.3816 8 734 
.312 6534 9 
. 19-345 ‘5 5 5 
.302F6566 
.694 fi uOo8 
.07039517 
.157 7115 1 
.28038419 
.57115706 
. 5 0 4 0 0 / 5  2 
. 8 3 7 9 0 £ 9 9 
.2271 404L 
. 20.22545 6 
.0 33 I 732 8 
.40 7 COS £3 
.099 Co2 86
Cluster 4
v a : ; i  a ;-;l p N i<: t. A,\ S T A N D AR D  
D E V I  AT I O N
N'f- 1 L 
I .'ir L
C L •! r •'
. .1 , ; i . 
C L • > I y> : > 
Pier.::
5 L i% i- 5 
G fl J A 6 
T A . 1
r
F 1 \ .
T fJ T : 1  
T PT . i j  : 
T A 0 * 
T A P i -  
P £  G5.< 1
p H o 6 i .  r
CA T  T U T  
T X S l l T
1 1 
1 1 
1 1 
1 1 
1 1 
1 .
1 
1 
1
1I
1 
i 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1
1 *6  2 
4 4  
4 8
4 6
. 3 8 1 2 1 5 1 3  
. 2 4 1 3 1 3 1 8  
.  4  ' 5 5 4 5  4 5 6 
. 0 C 0 '< C j o * •
4 6 . 3  « 72  7 2 7 3
• • •. . 9 t. s 0 \« ’.)'•! 
j , #  J 2 0 9 0 j  0 -•
5 0 . 6 ) 5 4 5 4 5 3
4 7 .  5 74 54  5 4  5  
4 c . 7 3 8  13 1 8 2  
4 7 . a 7 9 0 9 0 9  I 
4 8 . 4 7 0 9 0 9 0 9  
6 2  • 5 o 5 6 - 3 6 5 6
5  0 .  1 7 7 2 7 2 7 0  
5  4 . 3 2 9  0 9 0 61 
5 1 . 4 8 J 6  2 o 5 c 
5  8 . 5 5 0 9 0 9 0 9
4 2 . 9 6 3 6 3 6 3 6  
4 8 . 8 6 9 0 9 0 9 1  
3  5 . 8 5 9 0 9 0 9 1
5 2  .  3 4 9 3 9 0 9  1 
5 2 . 1 7 1 3 1 8 1 6
8  6 6 .  1 9  ft 1 4 0 4 0
5 . 3 9  4 3 3  0 0 2  
5 .  t>53 4 7 h 5 o
1 :>. 7-5 6 2  7 7 6 2  
1 1 . 1  J ; » r - G92  2
( ; .  ) 4  : 7 .J 5 4 3  
7 . 9  5 2  i. 7 9 5  0 
o . 9 6 5  5 2  4 4  4
7 . 4 0  0 6 3 3  3  5  
c • 5  4 - 4 2 2 4 6 6  
9 . 4  5 9  0 7 7 6 0  
9 .  1 4 5 1 4 5 4 7  
;>. 8 4 6  1 5 9 9  J  
5 .  2  7 9 C 5 6  0 7 
< . 7  9 3  18  9 5 5  
£ . 2 6 0 6 2 9 8 0  
8 .  2 7 6  7 2  3 3  3  
7 .  4 0 9 6 0 4 9 5  
9 . 5 3 7 6 2 4 9 2  
9 . 0 8 2 C 9 5 3  6  
6 . 1 1 6 r i 0 5 4 o  
3 . 6 8 3 8 7 7 9 8
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TABLE 4 (cont'd)
Cl listers
Cluster 5
VA < 1 A3L II N ML AM STAN CARO
Dtr V I AT ION
i’ir* 1 L'- G 1446.2 6 6661:67 0 27 . 1 2 6 S3 4 1 9
I 'V .) 0 4 6.1 1 1 o 6 G 7 6. 2 7 ->51 34 0
CX-G* 6 5 1 . G £ L t: £ t: 6 7 1 1.304C3 0 09
SSPL P 6 G I .48333333 7.09 6 42 70 6
A'JJC LG 6 52.07000000 4.7014 5084
A •% I T H 6 49. 4 433 333 3 3.277 75940ij 1 6 I T i> 6 4 ci •oLo6i:f;ii7 S. 434SH51 5
in J I ,-iG o J'J.1 1 0 9 0 090 2.27V L1573
P ICC ON 6 4 :1.8300000 0 5. 8.3 7 I 73 9 7
cilK'Ji "j 6 02.2 2333233 3 . 4 4 4 2 7 J 1 9
5 J A S "j O' j i . l l U l t t / j • Z'JG m ■/ Gu j
TAP G-5 T L) 41.0 6500 00 0 7.20 159 913
F A G N H i.i I . OOOO l OO J 1C.95445115
F T rt P 6 j I.G13 3 2 2 33 14.70 7 41366
TF7PT D 4 7.6 2500000 I 1 .64 06071 0
1PTNU r (• V.i 7 .81 c 6 t. c 6 7 5 •7 2 C <+ 3 9 5 5
T A*3 r< 6 3t.30u6 6 i: 7 6 • 5 7 2 0 1 3 6 9
TA’L o 4 o • 0 lei j  Joj .S 1 1 .044618 5 4
PLGSRT |V 7 2 . 025 0 JOO.u . ...4..9 o.7.8 9 33 3
PcGSLT 6 52 .041G6667 6.401013 72
CATTOT 6 5 C. 6 73 2 32.3 i 7.1 1792222
TRSBT 6 5 1.67323333 9.92003804
Cluster 6
v a  < i a h i.;: N .i; an S T AN CAP.)
OuVI ATIJK
• i i •* ) j J •  ^j 0 ‘ j 0 u 1 j 0 •+42.20 337
; ‘" 4 *• 1 • ij : j 7 ji wJ 0 O 0 4 « 2 0 cSdSC'O
c ' *+ V » 0 w u \) J 4 • 7 1 4 C 4 ‘j j G
> *»•-' i t ■ -* 5 ,.* . 5 30 0 0 0 '.) 0 10. It,6 002 02
A «, J P ._ l~ cj 4 o C • 3 0 0 \j l, ■ 0 c:'.) 11.1 1 iC j ‘j J j
4.; 1 f 11 4 4 j • cl i 7 1; 0 0 0 4 8.7oS3S7-a
L) 1 j 11 j 4 4 4 . 1 'j 3 0 0 0 0 J ... 0.3694 1 773
CG3 ING 4 1-66750000 4 • 302£3566
P I C C C M 4 4 j . 1 o 5 0 0 0 0 0 4 . 1 9479439
M L 6! > i.\ V 4 6 4. 16 75 000 0 1 1.0150575 0
13 •J J a 5 3 4 J325CC00 1 1 .8 63732901 A.<! i". T 4 <« s . o 2000000 7 .A 7 •! 1 J 3 0 Ar A o i 4 3 4 . 0 90 0 COOO 1 3 . 9 3 2 2 9 9 6 ‘)f T 'A r 4 « - . 0 7.itiU00 j 7 . 29675896
t p t :.>t 4 4 V. 5 0750 0 0 0 . 7 • 2 G 1 C o 1 4 0
T PTi iDT 4 49 .66750000 7.64941556
T APR 4 5 2.2 2250000 5.627 7 0750
T APL 4 43.2 3 0 0 0 009 2. 12353432
Pi: o 6 P T 4 5 0.91500 000 • 5.4 1 I 68181
P L jGLT 4 4 1 . ..0500000 8. 764 67 1 1 7
C *« 7 Tl.iT 4 4 7.0625 0000 5.05483314
Tr.iHT 4 5 0.217 50000 2.969 GS3G0
  1 1 ______________
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TABLE 4 (cont'd)
Clusters
Cluster 7
STANDARD
VARIABLE
NF II.C 
I Vt U 
CC2-1P 
S 5 P E U  
A U D C L O  
A 9 I T H 
2> 1C, I 7 S 
C :j > 1 n -> 
p icci:-1
U L '< 'J -■ S 
ii i) J A :>.>
T A '\6 t: T 
f: A o ' ) r
F  T .. 9
t  p r o r 
t °t l < t
TAP!' :
TA'j l
PiiGSPT
P F G G L T
C M T C T
T 9  GUT
N MEAN DEVIATION
l  3 2  0  7 6 . 0 4 6  1 5  3  C  3 2 2 2  5 . 2  9 6 ' 1 ' V O l  0
i  j 4 j . i t  2 0  7  O -:j J L  3 5 . 9  0 7 2 0 1 0  o
i  2 4  a  » o 0 6 5 2 2 0 < i 4 . 9 0 5  5 9 1 C 0
1 3 4  A . 0 7 5 2 6  4  6 2 I  I . 6 9 5 0 5 7 0 3
1 2 4  3 . 1 9 1 6 6 6 0 7 9 . 0 4 9 9 4 7 7 9
1 3 4 6 .  1 5 3  9 4 c l  5 7 . 7 9 9 5 9 1 3 9
1 J 4 6 . 6 6 6 9 2 3 0 8 6 . 5 0 3 0 5 0 0 3
i 4  /  .  4  5  5  J  5  4  6  2 7 . 6  7 2  2 0 9 2  0
1 3 o  3 .  A e  .7 ^  5  0  7  7 c  .  d u o  9* 4 9  1 -1
1 3 ■ 3 3 . 3 2 3 3 7 6 9 2 6 . 5 2  7 9 6 1 2 9
1 3 ■j ? •  ') 3  0  ) j  C O  J o  .  0  7  4  7 4  4  o  4
1 3 3  6  3 0  0  0  0 0 0 1 6 . 2 3 5 4 3 7 7 5
1 3 6  0 . 3 0 7 6 9 2 3 1 1 0 . 2 6  7 3 c  9 0 c
1 3 1 9  • /  4 I  5  3  c  4 6 2 4 . 9 3 o 7 5  7 2  9
1 J 5  5 . 2 1 0  7 6 9 2 3 5 . 6 4 3 7 0 2 4 0
1 3 •; i . i  o e  i  s j c i , 4  . 4 6  6  7 0  0 9  9
1 3 6 4 . 4  2 3 0  7 0 9  2 1 1 . 4 5  7 7 3  7 3 4
1 3 3  6 . 5 7 0 7 6 9 2  3 0 .  7 2 7  1 1  1 1 5
1 2 *. j  L . 1 ‘4 5  0  3 j  G 0 » .  7  6 5  5 5 4  7 c
1 2 3  4 . 5 0  7 o O  G O O 1 3 .  .6 7 4  0 3 1 3 1
1 3 5 4  .  1 1 3 3  7 r 9 2 5 . 1  6 5 5 0 - 4  6 7
13 4  d  « 0  '> 3  3  7  6 9 2 6 . 6 4 7  6 5 5 4  6
N.B. The seven cluster solution lis ted  on this table represents 
the results of both the Group Average and Centroid Sorting 
Methods, since identical solutions v/ere generated from each.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
360
T Score 
of Variables for  
for
TABLE 5
Means and Standard Deviaitons 
Each Centroid Sorting Cluster Group 
Dextral S p lit  Sample 2 
Clusters
Cluster 1
VARIABLE N MEAN STANDARDDEVI AT ION
mpii F 24 207C.22500000 916.605C9312
info 24 40.27708333 4.49488064
i-nup 24 49.7225C000 7.919C8605
„ P F R 24 25.95041667 17.87931024
AijnrLO 24 44 .93500000 1 1.06971674
ARITM 24 42.05541667 5.192 11524
OIGITS 24 42.91666667 8.06504409
™};.6 24 4S.721o6667 8.7072514 7
p?CCOM 24 52.22206333 11.10563003
BLKDES 24 53.33375000 7.4QS76784
OBJ ASS 24 52.50041667 9.891 76974
?ARGET 24 42.96625000 11.57664433
FAGNR 24 60.O6O66667 8.93778820
PTWR 24 4 6.5383 3 33 3 12.60647882
Tp t d t 24 55.42791667 5.02111366
TPTNDT 24 52.13375000 6*87091147
Iapr 24 63.25956333 10.22412853
tXpl 24 49.64125000 7.77141379
PFSSHT 24 54.75416667 7.686C3924
24 41.54106667 11.60573871
FATTOT 24 5C.60333333 7.96940436
TKSOT 24 40.71000000 14.93682523
Cluster 2
VAR I ALJLC
n f i l e
INFO
CCMP
SSPER
AUDCLO
ARITH
DIGITS
COD ING
PICCOM
BLK.DES
OBJASS
TARGET
FAGNR
FTWR
TPTDT
TPTNDT
TAPR
TAPL
PEGSRT
PEGSLT
CATTOT
N
4
A
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
A
MC AN
2733 . 35000C00 
4 1.66750000 
4C.0025CC00 
52.55000000 
63.50000000 
40.83250000
44.16500000 
6 1 .66750000
49.16500000 
54.16750000 
63.33250000 
48.62000000 
54.00000000 
45.07250000 
49.50750000 
49.66750000 
52.22250000 
43.23000000 
55.91500000 
4 1 .30500000 
4 7.0625 COOO
p i  7 5 0 0 0 0
STANCARD 
CEVI AT ION
442.2083784 8 
4 I 302 88566 
4.714C4 55C 
10.86600202 
1 I . 1 1305539 
8.76535748 
6.8694 I 773 
4.30 2 e856 6 
4.19479439 
11.0150575 0 
11.86373290 
7.67810306 
13.95229969 
7.29675898 
7.361C6140 
7.64941556 
5.62770750 
3.12353432 
5.4116818 I 
8.764871 I 7 
5.05483514 
2.98985368
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Clusters
Cluster 3
VAR I ABLE N ME AN STANDARD
DEV I AT ION
NF ILE a 1635.87500000 1261.90343954
INFO a 45.83375000 6.36265205
COMP 8 53.7SOOCCOO 1C .6061532 C
SSPER 8 53.35875000 9.28891111
AUDCLO 8 53.44250000 8.64090829
AR I TH 8 48.33250000 7.34544514
DIGITS a 45.41750000 e.71893629
CD3 ING a 42.91500000 8.98534998
PICCOM a 57.50125000 8 .30924661
b l k d e s 8 52.08250000 5.89262432
0 8J ASS 8 56.66625000 9.42724916
TARGET 8 22.65000000 1 1 .9615777 7
F AG N R a 5 5.7500000 0 5.994 C4466
FTWR a 5 1 .62125000 11.32582566
TPTDT 8 46.51875000 11.221 Co366
TPTNDT a 5 1 .09125000 4.75523216
TAPR a 53.4 0 250000 7.07202285
TAPL 8 42.52000000 9.68592794
PEGSRT 8 52.0 9 000 0 00 6.61659602
PEGSLT 8 4 1 .90125000 6.77961322
CATTOT a 5 2.653 7 5 C 0 0 5.40056330
TRSBT 8 4 0.5575 0 COO 17.27894817
Cluster 4
VARIABLE N MEAN STANDARD
DEV I AT ION
NF I LE
I NF CJ
c c v . p
SSPER
A U D C L O
AR I TH
DIGITS
COD 1 NG
PICCOM
BLK.DES
OBJ ASS
TARGET
F AG N R
F TWR
TPTDT
TPTNDT
TAPR
TAPL
PEG S RT
PEGSLT
CATTOT
TRSBT
251 2.7263626A 2390 
42.4 2545 45 5 7
4 2.94000000 4
41.84727273 13
46.21400000 10
4 5.4545 4 54 7
46.96909091 5
4e. 36272727 6
4fi.787272 73 4
50.60545455 7
54.24272727 6
35.0209090 9 18
42.36362636 13
11.2 4 909051 21
52.39000000 7
33.70000000 43
56.15818182 12
39.00636364 g
38.38800000 22
0.85200000 62
52.55727273 6
4 1.494 54 545 8
. 855 8 3 32 7 
► 16 364344 
.67067019  
.400 4426 0 
.683 7 1 159 
.9274 1113 
.467 Cl 03 0 
.5 74 91459 
.540 19 18 2 
. 12219540 
.84537014 
.43377794 
.79227900 
.99526381 
.53150450 
•38825141 
.32005424 
.90159005 
.072 12584 
.12102181  
.63066979 
.99070783
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Clusters
Cluster 5
VAN I ABLE
N F I L E
I NF 0
COMP
S S P E R
AU D C L O
A R I T H
D I G I T S
C 00  I  NG
P I C C O M
B L K D E S
O B J A S S
TA RGE T
F A G N R
FTWR
T P T D T
T P T N D T
TAPR
TAPL
P E G S R T
P E G S L T
C A T T U T
TR S B T
N
17 
17 
17 
17 
17 
17 
17 
1 7 
17 
17 
17 
17 
1 7 
I 7 
17 
1 7 
17 
17 
17 
I 7 
I 7 
17
1647 .
4 4 . 
48 . 
18. 
35. 
45. 
44. 
4G.
5 1 . 
52. 
52. 
4 2.
2 . 
4 0 . 
4 8. 
50 . 
52. 
4 1 . 
53 . 
4 C • 
52. 
25.
M E A N
5 1764 706 
7041 1765 
62822529 
16882353 
7 1802353 
49000000 
1 I 764 706 
04000000 
37294 110 
94000000 
94176471 
53225294 
00000000  
49705082 
44882353
1 5294 1 10
2 86 4 7C59 
7 4 117 6 4 7 
0 20? "'529 
9735* • 1 
175U.w. '  
9 0 7 0 5 3 8 2
STA N C A R D  
D E V I A T I O N
755.37172303 
4.57416257 
7.55107379 
27.82489036 
14.33135456 
6 .55466628 
7.025 19442 
10.47836283 
I 1 .78823607 
8.73042668 
9.92175710 
9.60887060 
30.313S578e 
14.74409957 
13.30846013 
I 1.24282147 
0.52891255 
8.311C6332 
10. 13 9  8 6 8 2 4  
12.9215 8/05 
8.806 4 6 7 9 3  
16.92051258
Cluster 6
VAR I A BLE
N F I L E
1 NF 0
CCMP
SSPER
A U D C L O
" ■ ' I T U .
D I G I T S
COD I N G
P I C C O M
B L K D E S
O B J A S S
TAN GET
FAGNR
FTWR
T P T D T
T P T N D T
TAPR
T A P L
P E G S R T
P E G S L T
C A T T O T
TRSB T
N
0
8
8
8
8
a
8
o
u
8
8
8
8
8
8
8
8
8
8
8
ft
8
1 6 0  7
4 4
5 1
5 4 
4 4
4 a
41-
MEAN
1 I 2 5 0 0 0 0  
I  6 6 2 5 0 0 0  
2 5 0 0 0 0 0  0 
3 4  3 7 5 0 0  '.i 
9 1 :■ 5 C JO J 
3 , '5 0 0  0
5 it . 
5 5 . 
4 6.
4 6 . 
50.
53 .  
50 .
54. 
37. 
70. 
54.
5 C . 
5 4 .
J 0
6 5 5. .. .. 0
1 0 6 2  5 CO 0 
5 0000000 
0 71 25000 
123 75000 
20125000 
44625000 
92000C00 
27875000 
24000000 
83750000 
52250000
STA N C A R D  
DEV I AT I O N
I 0 13.456561 1 1 
7 .0 72 92 00 6 
7 .5465753e 
12. 19e 75396 
9.86704641 
5.04062904 
7.85634957 
9.75 9 4 8906 
9 . 870 78969 
3.53570335
7 .507 66846
8 .48727440 
10.35098339 
12. 7 36494/4
to.3833465C 
4 . 7200729 1 
8.00860954
9 .67720925 
7.4477028 7 
6.84905297 
7.23261800 
6. 335410 12
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TABLE 5 (cont'd)
Clusters
Cluster 7
V A R I A B L E
N F I L E
I N F O
COMP
S S P E R
AUOCLO
A R I  T F
D I G I T S
CCD I NG
P I C C C M
B L K D E S
D O J A S S
T AR GE T
F A G N R
FTWR
T P T O T
T P T N D T
T A P R
T A P L
P E G S R T
P E G S L T
C A T T O T
TRSB T
N MEAN S T A N C A R D
D E V I A T I O N
6 1 9 3 9  . 2 2 5 0 0 0 0 0 7 4 4 . 0 8 9 5 5 6 3 4
a 4 5  . 0 0 0 0 0 0 0 0 4 . 3 6 4 3 5 8 9 0
8 4 5  . 0 0 0 0 0 0 0 0 9 • 0 8 4  9 6  0 8  9
8 4 9 . 4 1 6 2 5 0 0 0 1 0 . 8 3 6 6 3 6 1 9
8 4 4 . 1 5 7 5 0 0 0 0 1 2 . 2 6 1 9 0 5 8 8
8 4 6 . 6 6 6 2 5 0 0 0 5 . 9 1 0 7 1 1 6 7
8 5 5 . 0 0 1 2 5 0 0 0 7 . 5 5 6 9 7 4 6 8
8 5  1 . 6 6 6 2 5 0 0 0 7 . 5 5 9 6 0 4 9 4
8 4  7 . 4 9 8 7 5 0 0 0 9  . 0 4 1  1 3 2 1 0
8 5  1 . 2 5 0 0 0 0 0 0 5 . 6 1 6 7 2 7 5 7
8 4 9 . 1 6 6 2 5 0 0 0 9 . 3 8 4 5 1 1 4 6
8 5 0  . 2 1 6 2 5 0 0 0 8 . 1 8 4 5 0 9 6 5
8 6  I  . 5 0 0 0 0 0 0 0 9 . 1 3 0 7 2 5 1 5
8 5 £ . 2 1 6 2 5 0 0 0 3 . 2 6 2  CO 6 1 2
8 5 5 . 8 0 2 7 5 0 0 0 6 . 3 1 8 6 9 7 7 4
8 5  1 . 0 9 6 2 5 0 0 0 7 . 4 2  1 2 4 1 5 9
8 5 6 . 7 3 0 0 0 0 0 0 6 . 0 0 7 6 1 1 8 4
8 4 1 . 8  1 5 0 0 0 0 0 7 . 5 3 3 9 8 9 6 5
8 4 C.  4 ' * 2 5 0 0 0 0 1 0 . 0  3 0 5 2 4 4 8
8 25 . /  1 6 2 5 0 0  w, 1 0 . 5 7 8 1 6 7 4 6
8 5 4  . 0 8  I 2 5 0 0 0 6 . 0 4 3 5 0 2 8 6
8 5 4 . 1 9 5 0 0 0 0 0 7 . 5 7 3 3 5 1 7 8
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Fiaurc 9. Plot of T score means for Cluster 1 of dextral s p lit  sample 1.
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Fi'nure 10. Plot of T score means for Cluster 2 of dextral s p lit  samole 1.
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Figure 11. Plot of T score means for Cluster 3 of dextral s p lit  sample 1.
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Figure 13. Plot of T score means for Cluster 5 of dextral s p lit  sample 1.
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Fiqiiro 14. Plot of T score means for Cluster 6 of dextral s p lit  sample 1.
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Figure 15. Plot of T score means for Cluster 7 of dextral s p l i t  sample 1.
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Figure 16. Plot of T_ score means for Cluster 1 of group average solution for dextral
s p lit  sample 2 . ~~
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Figure 17. Plot of T score means for Cluster 2 of group average solution for dextral
s p lit  sample 2.
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Figure 18. Plot of T score means for Cluster 3 of qrouD average solution for dextral
s p lit  sample 2.
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Figure 19. Plot of_T score means for Cluster 4 of qroup average solution for dextral
s p lit  sample 2.
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Figure 20. Plot of T score means for Cluster 5 of group average solution for dextral
s p lit  sample 2.
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Figure 21. Plot of T score means for Cluster 6 of group average solution for dextral
s p lit  sample 2.
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Figure 22. Plot of T score means for Cluster 7 of group average solution for dextral
s p lit  sample 2.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further 
reproduction 
prohibited 
w
ithout perm
ission.
100—1
90—
B O -
70—
60—
50*
AUDITORY-  
PERCEPTUAL
SEQUENTIAL
PROCESSING
V IS U A L -
PERCEPTUAL
T A C T IL E -
PERCEPTUAL
MOTOR CONCEPTUAL
REASONING
o - O -Q
\%
X j .
.cx„.
\%\%%\
J •p
n o -
30—
20 —
1 0 — '
A
\%t%
%%%I%
%%\
ttt•iiii
CX-oT
$
9i
a
INFO '  SSPER '  ARITH CODING BLKDES TARGET FTWR TPTNDT ' T A P L  'PEGSLT TRSBT 
COMP AUDCLO DIGITS -PICCOM  OBJASS FAGNR TPTDT TAPR PEGSRT CATTOT
i r  i ” ' "T r  f  )— r r
TEST MEASURES
Figure 23. Plot of X  score means for Cluster 1 of centroid sorting solution for
dextral s p lit  sample 2.
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Fiqure 2&. Plot of X  score means for Cluster 2 of centroid sortina solution for
dextral s p lit  sample 2.
379
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further 
reproduction 
prohibited 
w
ithout perm
ission.
i
i
9Ucre
E
9a
II
9
OUw£Cl
inUJ
a.ou
in
100-1
90—'
BO -
70—
60 —
50-
AUDITORY-
PERCEPTUAL
SEQUENTIAL
PROCESSING
v is u a l -
p e r c e p t u a l
T A C T IL E -
PERCEPTUAL
MOTOR CONCEPTUAL
REASONING
p - ~ 0 - 0 Q
- f - t
40—
30—
20 —
10 —
O Ok V
'O a
%\\%
i i i i m i  i m  i i i i i r m — r ! !
INFO SSPER , 
COMP AUDCLO
ARITHg i^ D 'N G  _ BLKDES TARGET '  FT'WR TPTNDT TAPL PEGSLT .
PICCOM OBJASS FAGNR TPTDT TAPR PEGSRT CATTOT
TRSBT
TEST MEASURES
Figure 25. Plot of X  score means for Cluster 3 of centroid sorting solution for
dextral sp lit  sample 2.
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Figure 26. Plot of J_ score means for Cluster & of centroid sorting solution for
do :tral s p lit  sample 2.
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Figure 27. Plot o f X score weans for Cluster 5 of centroid sorting solution for
dextral s p l i t  sample 2.
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Plot of T. score means for Cluster 6 of centroid sorting solution for
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Figure 29. Plot of X score means for Cluster 7 of centroid sorting solution for
dr <tral s p lit  sample 2.
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